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PR  E FACE. 


In  tlie  translation  of  this  work  and  the  preparation  of  an 
American  edition  an  efFort  lias  been  made  to  place  at  tlie  com- 
mand  of  Englisli-speaking  instructors  and  students  a text-book 
wliicli  incliides  the  best  results  of  recent  investigations.  The 
spirit  and  characteristic  features  of  the  German  original  have 
been  carefully  retained,  changes  in  text  or  illustration  being 
made  only  where  some  definite  advantage  was  to  be  attained. 
These  changes  have  mostly  resiilted  in  enlargements.  Thiis 
teil  of  the  German  engravings  have  been  replaced  with  thirty- 
five  new  ones,  taken  from  varioiis  sources.  These  can  be 
identified  by  the  credits  given  in  connection  with  the  respec- 
tive  figures.  Many  additions  have  likewise  been  made  in  the 
text.  I am  especially  indebted  to  Dr.  Florence  K.  Sabin  for 
a brief  description  of  the  medulla  and  midbrain. 

Xearly  all  of  the  drawings  whicli  liave  been  taken  from  the 
German  edition  were  made  by  l)r.  Baracz  from  material  ])re- 
pared  by  the  autlior,  who  acknowledges  the  assistance  also  of 
I)r.  Bochenek,  Professor  Browicz,  and  J)r.  B.  Krause. 

It  has  been  my  object  throiighoiit  to  trace,  as  far  as  pos- 
sible,  tlie  development  of  the  Organs  and  the  histogenesis  of 
the  tissiies,  and  it  is  hoped  that  the  attention  of  instructors  and 
students  may  be  drawn  to  the  importance  of  viewing  Histology 
from  this  standpoint.  I have  endeavored,  also,  to  emphasize 
the  fact  that  in  many  Organs  it  is  possible  to  recognize  striict- 
ural  iinits  which  are  repeated  in  a definite  way  and  boiind 
together  by  a characteristic  framework. 

I am  iniicli  indebted  to  Professor  F.  P.  Mall  for  the  kind 
interest  he  has  taken  in  the  preparation  of  tliis  edition. 


John  Bruce  MacCallum. 


Baltimore,  July,  1902. 
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TAKT  1. 

H18T()L0G  Y. 


MICROSCOPJCAL  AX.VTOMY  OF  CELLÖ  AND 

TIS^?UEö. 

Hi^>tology  is  tlie  study  of  tissues  (6  iar6g,To  larior,  tisme). 
It  must  tlierefore  primarily  treat  of  the  cell  as  a tissue-elemeiit; 
tlieii  coiicerii  itself  witli  tlie  descriptioii  of  vegetable  and  animal 
tissues;  and  finally  discuss  the  relations  wliich  the  tissues  hear 
to  one  anothei*  in  all  the  organs.  This  last  part  of  histology  is 
also  spoken  of  as  microscopical  anatojtiy. 

Our  text-hook,  wliicli  concerns  itself  only  witli  the  histology 
of  man  and  the  animal  hody,  is  divided  into  two  parts:  the 
first  will  treat  of  the  animal  cell  and  tissues ; the  second  will 
make  the  reader  acquainted  witli  the  microscopical  structure  of 
the  Organs. 

Histology  takes  a prominent  part  aniong  the  hiological 
Sciences  which  have  developed  so  greatly  since  the  discovery 
of  the  cell  in  the  year  1838.  As  early  as  the  end  of  the 
seventeenth  centuiy  there  were  more  or  less  definitely  ex- 
[iressed  premonitions  and  suspicions  that  cells  formed  the 
elementary  constituents  of  phints.  Only  in  the  year  1838, 
liowever,  did  tlie  opinion  that  plants  consist  of  cells  gain  general 
recognition  after  the  puhlication  of  M.  Schleiden,  ln  the 
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iiext  year,  1831),  Seliwaim,  eiicouraged  by  the  fimliugs  ot* 
Schleiden,  uiidertook  investigations  on  anirnals,  and  found  liere 
also  a cellular  structnre.  These  two  investigators  considered  the 
cell  a small  vesicle  containing  a fluid  in  a definite  membrane. 
Even  at  tliis  early  date  tliey  tliought  the  cell  membrane  and 
nucleus  to  be  very  important,  cliaracteristic,  and  constant  con- 
stituents  of  the  cell.  So  it  was  discovered  tliat  botli  animal  and 
vegetable  organisms  consist  of  very  minnte  elements ; and  für- 
ther,  tliat  all  these  more  or  less  complicated  strnctures  take  their 
origin  from  a single  cell, — i.  e.,  the  fertilized  egg.  Tlien  it  was 
shown  tliat  on  the  border  land  between  the  animal  and  vege- 


table kingdonis  iinicellular  creatures  exist  wliicli  form  a 
starting-})oint  for  botli  kingdonis.  The  original  conception 
of  tlie  cell  underwent  great  clianges  in  tlie  course  of  the 
followin«;  decade. 


A nuniber  of  veai’s  alter  this,  when  membraneiess  cells  had 
beeil  discovered,  tlie  cell  membrane  came  to  be  considered  as  an 
unessential  part  of  the  cell.  In  the  ground  substance  of  many 
animal  cells  movenients  wei-e  observed,  which  were  alreadv 
known  in  plant  cells.  These  evidences  of  life  were  studied, 
and  the  ground  substance  in  animal  and  vegetable  cells  was 
called  protopIas7)i. 


A.  THE  CELL. 

What  is  to-day  known  as  a cell  (cellula)  is  a small  mass  of 
protoplasm  containing  within  it  a nucleus.  We  must  consider 
cells  as  elementary  units ; or,  since  they  are  the  bearers  of  the 
life  functions,  as  the  units  of  life. 

In  reviewing  the  animal  series,  which  is  made  up  partly  ol 
organisms  consisting  of  only  a single  cell  (protozoa),  partly  of 
those  containing  a countless  number  of  cells  (metazoa),  it 
is  to  be  noted  tliat  the  cells  of  the  first  dass  subserve  simul- 
taneously  different  functions,  while  we  find  in  the  second  dass 
much  diflerentiated  cells  with  very  diverse  functions.  In  the 
most  highly  developed  organisms  we  find  these  differentia- 
tions  and  this  division  of  labor  so  strongly  marked  tliat  one 
kind  of  cell  cannot  take  on  the  functions  of  another  kind. 
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Here  tlie  cells  are  joined  togetlier  only  for  certain  fuiictions: 
for  exaiiiple,  to  cover  and  serve  as  a protection,  to  separate,  to 
absorb,  to  draw  togetlier,  or  to  condnct  impiilses.  In  unicellular 
organisms,  on  tlie  contrary,  a cell  is  a complex  of  organs  wliich 
serve  different  fnnctions. 

The  essential  constituents  of  tlie  cell  are 
(a)  tlie  protoplasm  and 
[h)  tlie  cell  nucleus. 

The  imclens  niay  in  iiiany  cases  disappear,  especially  if  tlie 
cell  begins  to  lose  its  vital  activity. 

Protoplasm  is  a morpliological  conception,  and  not  a body 
capable  of  sliarp  detinition  cliemically.  By  tlie  term  “ proto- 
plasni  ” is  not  to  be  nnderstood  a iiniforiii  substance  witli  con- 
stant  pliysical  and  cliemical  properties,  biit,  on  tlie  contrary,  a 
combination  of  various  different  cliemical  bodies  joined  witli 
one  anotlier  in  a truly  wonderfiil  way ; a substance  wliich 
exhibits  different  })hysical,  cliemical,  and  biological  properties 
(O.  Hertwig).  Protoplasm  is  semifluid,  elastjc,  almost  always 
colorless,  and  insoluble  in  water.  It  is  not  entirely  homogene- 
ousTBuPshows  fine  granules  {inicrosomes)  and  flbrils  wliich  are 
contained  in  the  homo2:eneous  2:round  substance. 

We  may  offen  observe  that  the  cell  consists  at  the  peripher v 
of  a non-granular  protoplasm  {hyaloplasm).  while  in  the  inner 
part  there  is  a granulär  protoplasm-mass  i av(iii}üfmlcm)i\.  These 
two  parts  of  the  cell  are  known  also  as  ectoplmm  and  endoplasm. 
respectively. 


The  Chemical  composition  of  protoplasm  is  unknown,  excej)t 
that  its  essential  and  most  important  constituent  belongs  to  the 
protein  substances  falbuminous  bodies).  Besides  this,  proto- 
plasm contains  globulin  and  albumin  in  small  quantities,  a 
large  proportion  of  water,  a recognizable  quantity  of  different 
salts,  and  constantly  changing  products  of  metabolism,  such  as 
fats,  Cholesterin,  lecithin,  glycogen.  sugar,  etc.  Living  proto- 
plasm always  lias  an  alkaline  reactjon.- 

Concerning  the  finer  protoplasmic  structure  there  are  foui- 
different  and  opposing  vievvs  (Fig.  1). 

According  to  one  view  hehl  at  the  present  time  by  only  a 
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very  few  iiivestigators,  protoplasiii  lias  ik^  defiiiiu*  strueture — 
i.  e.,  it  is  quite  homogen eous. 

The  seconcl  is  the  fibril  networh  theory.  which  considers  tlu^ 
protoplasm  as  made  iip  of  a thread-like  network  and  an  intei- 
stitial  substance.  With  regard  to  these  stronglv  refractivi^ 
fihrils  different  views  are  held.  According  to  sonie  authors 
(Fleniming),  they  do  not  join  witli  one  another  in  any  way  ; 
while  according  to  others  they  conibine  to  form  a sort  of  net- 


Fig.  1. 


granulär  theory,  the  left  the  fuam  theory,  At  the  right  the  protoi)lasinic  threads  radiate 
froni  the  centrosome.  The  iiuclear  network  consists  of  nuclein,  linin,  and  lantanin. 

vvork,  so  that  a sponge-like  strueture  is  formed  (Jleitzmann, 
Fromman,  Leydig).  The  less  refractive  and  niore  fluid  inter- 
stitial  substance  sej^arates  the  fihrils  from  one  anotlier.  The 
latter  form  the  so-called  or  mitom,  tlie  former  the 

interfilai^-mass  or  paramitom,  Tlie  fibrils  occur  in  varying 
quantities  in  the  cell,  are  of  different  lengths,  and  offen  are 
coiled.  The  interstitial  substance  often  contains  more  or  less 
numerous  granules. 
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The  tliird  p lace  is  takeii  hy  the  so-called  foam  theory 
(Eütschli):  a [)rotoplasmic  network  forms  a rmmber  of  spaees 
closed  in  oii  every  slde.  All  tliese  spaees  are  lilled  vvitli  fiiiid. 
In  the  angles  of  tiie  foam-work  fine  graniiles  (microsomesj  ai’e 
eontained. 

Finally  there  exists  the  yranule  theory  (Altmann)  according 
to  which  the  cells  consist  of  fine  grannles  which  are  distribiited 
in  the  jelly-like  intergrannlar  substance.  These  gi’annles 
Altinann  clairas  to  be  the  final  elementary  part  of  the  cell,  and 
calls  thern,  as  the  bearers  of  life,  bioblasis.  According  to  this 
hypothesis,  the  grminles  play  the  principal  rble,  and  the  inter- 
grannlar substance  only  an  accessory  part.  With  regard  to 
the  meaning  of  these  two  constitnents  of  the  cell,  the  first 
three  theories  are  quite  opposed  to  the  last.  According  to  the 
foriner,  the  gTannles  of  the  protoplasm  play  a more  snbordi- 
nate  rble.  The  intergrannlar  substance  of  the  granule  theory  is 
identical  with  the  essential  protoplasm  of  the  other  three  theories. 

ln  the  protoplasm  there  are  various  substances  not  belong- 
ing  to  it,  which  we  inclnde  nnder  the  name  protoplasmic  or 
cellular  inclusions.  To  distinguish  them  frorn  protoplasm,  we 
call  them  deutoplasm.  Their  nature  is  not  constant.  They 
may  be  fat,  carbohydrates,  pigment  grannles,  etc. 

These  protoplasmic-inclnsions  (dentoplasm)  oeenr  in  some 
cases  in  such  great  quantity  that  the  protoplasm  itself  becomes 
inconspieuous  and  forms  only  a kind  of  network  for  the  reserve 
materials  and  secretion  stored  np  there,  as  we  may  notice  in 
manv  es^o-  cells  and  sfoblet  cells. 


Fluid  protoplasmic  inclusions  usually  are  present  in  spaees 
called  vacuoles.  These  spaees  are  made  visible  by  dissolving 
out  the  Contents.  For  example,  tat  droplets  may  be  dissolved 
in  ether  and  the  empty  spaees  left  are  plainly  to  be  seen. 

The  form  which  a,  mass  of  protoplasm  or  a whole  cell  takes 
on  may  be  varions : spherical,  cylindrical,  fiat,  star-shaped, 
spindle-shaped,  or  fibrillär. 

Cells  Vary  in  size  from  3 to  that  of  a bird’s  egg  (c.  g.,  an 
ostrich  egg,  wliich  is  a simple  cell). 


^ = a micron  = 0.001  mm. 
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The  seeoiid  essential  part  of  tlie  cell  is  tlie  iiucleus.  Tliis 
is  often  iiivisible  in  tlie  living  cell  when  tlie  nncleiis  and  tlie 
}iroto[)lasni  liave  tlie  saine  refractive  power.  ddiey  react  differ- 
ently,  liowever,  to  certain  reagents.  For  example,  acetic  acid 
causes  jirotoplasni  to  swell  uj)  and  tlie  nucleus  to  slirink. 

The  niiclens  is  nsnally  s]iherical  or  oval  ; sonietimes 
liorseshoe-shaped,  ring-shaped,  or  branched. 

The  nucleus  often  holds  a definite  relation  to  the  size  of  the 
cell.  For  exanijile,  the  nuclei  of  unripe  egg  cells  are  very 
large. 

As  a rille  vve  find  one  nucleus  in  eacli  cell.  Often,  liowever, 
there  are  niore  tlian  one,  and  excejitionally  their  number  may 
be  as  great  as  one  hundred  (e.  //.,  in  the  giant  cells  of  bone- 
niarrow).  Such  multin ucleated  cells  are  called  syncytiiim. 

The  cell  nucleus  is  not  a simple  structure.  We  are  able  to 
recognize  in  it  at  least  two  and  often  as  many  as  six  proteids 
which  are  chemically  and  microscopically  different,  namely: 

1.  Nuclein — chromatin  ; 

2.  J^iranuclein — ]ivrenin  ; 

d.  Linin  ; 

4.  Lantanin  ; 

5.  Nuclear  fluid  (Kernsaft)  : 

0.  Amphipyrenin. 

The  first  two  seeni  to  be  essential  elements  of  the  nucleus. 

1.  Chvomatin  (?iuclehi)  is  the  niost  characteristic  constituent 
of  the  nucleus.  Tt  is  demonstrated  by  its  great  capacity  for 
taking  up  staiiis,  and  is  distinguished  from  the  other  substances 
l)y  the  fact  that  it  contains  phosphoric  acid.  Chromatin  occurs 
in  the  nucleus  in  the  form  of  granules,  fine  threads,  or  as  a 
network  which  for  ms  the  so-called  chvomatin  networh. 

2.  l\raniiclein  [pyrenin')  occurs  in  the  form  of  a small 
highly  refractive  sphere  which  forms  the  true  nucleolus. 
These  nucleoli  are  to  be  distinguished  from  chroniatic  enlarge- 
ments  formed  in  the  ano'les  of  the  nuclear  network.  Pvrenin 

o *• 

is  distinguished  from  chromatin  mainly  by  physical  properties. 
It  does  not  swell  in  water,  dilute  alkaline  Solutions,  lime- water, 
or  salt  Solution.  Chromatin,  on  the  contrary,  swells  in  such 
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Solutions,  and  is  dissolved  in  stronger  Solutions.  The 
nnchanged  nncleolns  becomes  even  plainer  after  such  treat- 
inent.  Nnclein  is  colored  bettei*  in  acid  stains,  while  para- 
nnclein  takes  np  more  readily  basic  stains,  eosin,  and  fuchsin. 
ln  this  way  these  two  parts  can  be  differentiated  by  the  so- 
called  double  staining. 

3.  Linin  takes  part  in  the  forniation  of  the  network  or 
framework.  It  is  not  stained  by  the  oialinary  coloring 
inaterials,  and  forins  the  so-called  acliroinatic  constituent  of 
the  nucleus. 

4.  Lantanin  occnrs  often  in  the  linin  in  the  form  of  fine 
grannles,  which  may  be  stained  by  acid  anilin  dyes,  as  opposed 
to  ehromatin,  which  takes  np  only  basic  anilin-stains.  Lan- 
tanin is  therefore  called  oxychromaiin,  while  chromatin  is 
known  as  hasichromatin. 

5.  Nuclear  fluid  (Kernsaft)  fills  out  the  spaces  between  the 
structnres  formed  of  nnclein,  parannclein,  and  linin. 

6.  Amphipyrenin  is  the  snbstance  which  forms  the  nuclear 
membrane  se])arating  the  nuclear  space  from  the  protoplasm. 
In  large  nnclei  the  nuclear  membrane  shows  a plainly  double 
contour.  In  Chemical  properties  it  is  most  nearly  related  to 
pyrenin. 

The  nucleus  may  be  simple  or  complicated  in  form.  The 
most  simple  structure  is  seen  in  those  nuclei  which  consist  of 
quite  compact  nuclein  bodies  (e.  g.,  spermatozoa).  ln  other  cases 
the  nucleus  has  a more  open  structure,  the  spaces  in  the  nuclear 
network  being  filled  with  nuclear  fluid.  Such  a nuclear  net- 
work may  in  its  simpler  forms  be  made  up  only  of  ehromatin  ; 
in  other  cases  linin  and  lantinin  are  also  present  (Figs.  1 and  2). 
The  resting  nucleus  may  in  certain  cases  apj^ear  as  a vesicle 
surrounded  by  a nuclear  membrane  (amphipyrenin).  In  this 
is  to  be  found  a network  of  nuclein  (chromatic)  and  linin 
(achromatic),  in  which  grannles  of  lantanin  are  scattered.  It 
contains  also  a nncleolns  (parannclein)  and  a nuclear  fluid. 

The  third  but  unessential  constituent  of  the  cell,  the  cell  skin 
or  cell  membrane,  may  often  be  lacking  in  animal  cells.  If  the 
superficial  layer  of  the  protoplasm  is  distinguished  from  the 
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reiiiaiiider  of  tlie  protoplasm  lyiiig  inore  ceiitrally,  and  is 
dense,  it  is  called  ectoplasm.  Sucli  a.  cell  contaiiis  no  cell  meni- 
braiie,  and  is  spoken  of  as  naked.  When  we  find  a finn  outer 
boundary  for  tlie  cell,  we  call  it  crusta  if  tliere  is  no  definite 
line  of  demai’cation  betweeii  it  and  tlie  contained  protoplasnp 
]f,  on  tlie  contrary,  it  is  sliarply  niarked  off'  on  its  inner  border, 
we  liave  to  do  witli  a triie  cell  niembraiie. 

The  cell  niembrane  niay  suiTOiind  tlie  wliole  cell,  in  wliicli 
(.‘ase  it  is  called  pelUcula;  or  it  may  cover  only  tlie  free  surface 
of  tlie  cell  and  is  tlien  known  as  ndirnla. 


Fig.  2. 


radiafioH 


Clironiatin 


Lantiniin 


Leucocyte  from  the  spieen  of  Proteus  (after  Siedlocki^.  The  centrosome  appears  in  the 
form  of  two  grannles.  The  niu-lear  netwurk  is  distinct. 


Nacleor 

memhrane 


The  origin 


and  nianner  of  forniation  of  the  cell  membrane 


are  not  known  with  certaintv;  for  it  is  doiibtful  whether  it  is  a 
secretion  of  the  outer  laver  of  the  cell,  or  a niodified,  hardened 
part  of  the  protoplasm  itself. 

Another  cell  constituent  which  has  been  the  object  of  much 
attention  in  the  last  few  years  must  not  be  passed  over.  This  is 


the  so-called  centrosome.  jNIost  authors  consider  this  structure 
an  essential  part  of  the  cell  (Figs.  1 and  2). 

The  centrosome  occurs  usuallv  as  one  or  two  granules  in  the 
protoplasm,  in  the  neighborhood  of  the  nucleus,  and  may  be 
contained  in  a hollowed  part  of  it.  Around  the  centrosome  is 
often  to  be  seen  in  the  protoplasm  a radiation  which  we  call  the 
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attraction  sphere,  protoplai>nnc  radiaiion,  or  arckopla^m.  '1  lie 
sio;nificance  and  relations  of  tlie  centrosoine  during  tJie  nudem* 
and  cell  division  will  be  spoken  of  later. 

We  have  considered  above  all  tlie  constitnent  parts  of  tlu^ 
cell  at  rest.  It  in  neces^ary  now  to  discnss  brieüy  tlie  living 
properties  of  tlie  cell  in  so  far  as  tbey  can  be  stndied  by  tlie 
direct  help  of  tlie  microscope. 

The  reader  niay  extend  bis  inforniation  on  tliis  snbject  in 
niore  exlianstive  works  in  wliicli  tlie  cell  is  treated  also  from  a 
pliysiological  standpoint  ((  ).  Hertwig,  Verworn,  ]>ergli  ). 

The  different  powers  and  pro[)erties  of  tlie  cell  we  can  group 
under : 

1 . T li  ose  o f m o Hon  ; 

2.  Tliose  of  irritability ; 

3.  Tliose  of  assioiilation  and  e.xcretioii  ; 

4.  Tliose  of  Teproduction. 

1.  The  first  fnnction  which  the  cell  can  fulfil — i.  e..  inotilitv — 
seems  to  be  dependent  only  on  the  protoplasin  ; for  portions  of 
this  separated  froni  the  imclens  are  capable  of  motion  for  sonie 
time.  We  niay  speak  of  varions  kinds  of  motion  : 


Iß- 


Fk;. 


r.ymph  corpuscle  of  the  frog,  studied  oii  a warm  stage.  The  outline  of  the  cell  has  heen 
niade  at  interval.s  of  two  Tiiinutes.  One  vaenole  is  to  ht»  seen.  X loOO. 


(a)  Amceboid  movement  consists  in  the  jirotrnsion  of  proc- 
esses  (pseudopodia)  by  the  protoplasm,  which  draw  the  rest 
of  the  cell  after  them.  The  pseudopodia  may  also  be  drawn 
back  to  the  cell  again.  If  we  observe  under  the  microscojie 
such  cells  or  unicellular  organisms  which  have  the  propertv  of 
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iudepemlent  inovement,  we  notice  tliat  tliey  constantly  cliange 
tlieir  form,  iliis  is  seen  most  easily  if  we  make  outline  sketclies 
of  tlie  cell  at  short  intervals  and  compare  tliem  (Fig.  3).  Tliis 
inotility  serves  not  only  to  change  the  location  of  the  cell,  but 
also  to  aid  in  the  acquiring  of  nonrislmient.  The  pseudopodia 
Surround  the  very  line  foreign  bodies  with  which  they  come  in 
contact,  draw  thein  into  the  cell,  and  if  thev  are  digestible  use 
them  for  tbe  iiourislimeiit  of  the  organism.  Upori  motility  of 
tliis  sort,  a great  proportion  of  the  luiicellular  animals  {e.  g., 
aiiioeha)  and  maiiy  kinds  of  cells  of  liigliei*  animals  {e.  g.,  white 
blood-corpnsclesj  are  dependent. 

[b)  Tlie  second  kind  ot  motility,  the  so-called  cUiary  move- 
went,  is  broiiglit  about  by  shorter  or  longer  processes  of  the  cell 
substance,  the  so-called  ciUa  or  ßagella.  It  seems  that  tliis 
movement  also  is  independent  of  the  nuclens.  Cilia  are  of  a 
more  })ermanent  nature  than  pseudopodia.  The  latter  may  be 
pushed  ont  or  withdrawn,  while  the  former  are  developed  by  a 
special  differentiation  of  one  part  of  the  ])rotoplasm  and  remain 
as  thev  are,  without  cliaim'ino;  as  the  cell  nioves. 

[c)  3[uscul(ir  coniraction  is  movement  whicli  is  due  to  a 
special  diherentiation  of  the  protoplasmic  network,  and  serves 
to  move  not  so  nuich  the  cell  itself,  as  the  organism  to  which 
the  cell  beloiurs. 


[d)  We  distinguish  a twofold  movement  which  is  present  in 
the  protoplasm  in  the  cell  body  : clrcidation  and  rotation.  These 
movements  are  made  visible  to  the  eye  in  consequence  of  the  fine 
gi’anules  present  in  the  protoplasm,  and  ai’e  observed  especially 
in  plant  cells,  seldom  in  animal  cells.  If  the  granules  move  in 
one  direction  around  undei*  the  cell  membrane,  we  have  to  do 
with  rotation.  If,  however,  the  movement  is  from  the  periphery 
to  the  centre  in  one  part  of  the  cell,  and  in  the  opposite  direction 
in  otlier  j)arts,  we  have  circulation.  Tliis  occurs  in  all  plant 
cells  where  the  protoplasm  contains  vacuoles  filled  with  fluid. 
In  tliese  cases  Strands  of  protoplasm  connect  the  central  peri- 
nuclear  jirotoplasm  with  that  at  the  periphery  ; and  in  these 
Strands  we  often  see  two  streams  of  granules  flowing  in  opposite 
directions. 
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The  passive  movemeiits  wliich  occur  in  living  protoplasin 
and  yet  liave  iiotliing  to  do  witli  tlie  life  })lieiionieiia  of  the  ele- 
ments  moved  must  not  be  passed  over.  Such  passive  movemeiits 
eharacterize  the  granules  in  proto])lasiip  which  during  rotation 
and  circulatioii  give  the  appearance  of  streams  of  particles  mov- 
iim  in  various  directions.  Tlie  so-called  Brownian  molecular 

O 

movement,  which  may  be  observed  both  in  living  and  in  dead 
cells,  also  belongs  to  the  passive  movernents.  Tliis  consists  of 
an  indeßnite  oscillating  (trembling)  motion  of  the  granules  in 
the  proto|)lasm  wliich  does  not  cliange  the  ])osition  of  the 
granules  to  any  extent.  The  nucleus  does  not  possess  tlie 
power  of  inde})endent  movement.  It  is,  however,  capable  of 
change  in  sliape,  as,  for  exanijile,  wlien  a cell  is  stretciied,  or 
forced  tlirough  a small  opening,  the  nucleus  changes  in  form 
to  correspond  with  its  surroundings. 

2.  Irritahility  is  the  power  of  reaction  to  various  Stimuli. 
The  Stimulus  may  be  mechanical,  Chemical,  thermal,  electrical, 
or  due  to  lisfht.  In  oeneral  it  mav  be  said  that  the  Stimulus 

~ O ./ 

causes  an  increase  or  a decrease  of  the  phenomena  of  life.  This 
ilepends  on  the  strength  and  duration  of  the  Stimulus.  Strong 
Stimulation  {e.g.,  a temperature  over  40°  C.),  causes  death  to  most 
cells.  Cells  with  active  power  of  motion  often  move  toward,  or 
away  from,  the  source  of  Stimulation. 

If  the  Stimulation  takes  place  by  chemical  means,  we  have 
to  do  with  Chemotaxis  {chemotropism)',  and  we  must  distinguish 
between  positive  chemotaxis,  where  the  cell  moves  toward  the 
source  of  Stimulation,  and  negative  chemotaxis,  where  the  motion 
is  in  the  opposite  direction.  With  certain  bacteria  and  infusoria 
tliere  are  appearances  of  chemotaxis  under  the  influence  of  some 
Chemical  bodies  (e.  g.,  oxygen,  citric  acid). 

Similarly  one  may  speak  oi plwtotaxis  {lieliotropism),  hgdro- 
taxis  (Jiydrotropism) , thermotaxis,  galvanotaxis,  etc.  AVith  regard 
to  the  last,  certain  organisms  collect  about  the  ])ositive  or  nega- 
tive pole  on  closing  or  opening  a constant  electrical  current. 

3.  The  processes  of  assim  ilation  and  excretion  belong  essen - 
tially  to  physiology.  Certain  details  concerning  these  are  spoken 
of  in  the  discussion  of  the  Organs  carrying  on  these  functions. 
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4.  Ixeproduction  of  the  cell.  For  sonie  time  after  the  discov- 
ery  of  the  cell  as  a unit  in  the  formation  of  animal  and  plant 
Organ isms  it  was  supposed  that  cells  arose  by  growth  from  a 
formless  germ  substance,  the  so-called  cytohlaüema.  A certain 
similarity  was  traced  between  this  and  the  ])i*ocess  of  crystalliza- 
tion,  vvhereiii  the  cells  were  made  to  correspond  with  the  crystals 
and  the  cytoblastema  with  the  mother  liquid.  Thanks,  however, 
to  the  observations  and  researches  of  Mohl,  Nägeli,  and  others, 
the  conception  was  arrived  at  that  cells  arise  only  by  division 
directly  tVom  other  cells,  which  fact  Virchow  expressed  in  these 
words,  “ Omnis  cellula  e cellula.”  Later,  on  the  basis  of  further 
investigation,  the  conception  was  changed  to  ‘‘  Omnis  niicleus  e 
nucleo.”  The  increase  of  cells  takes  place  by  cell  division, 
which  may  be  of  two  kinds,  distinguished  by  the  behavior  of 
the  nucleus  during  division.  We  sj)eak  of  a direct  {amiioUo) 
and  an  indirect  {mitotic)  division. 


DIRECT  DIVISION  ( AMITOSIS). 

By  ,1  irect  division  the  nucleus  is  separated  into  two  daughter 
nuclei  by  constriction,  without  any  further  important  changes 
in  its  structure  beiiu»'  manifest.  This  kind  ot  division  is  not 
common,  and  seems  in  certain  cases  to  be  the  result  of  abnormal 
processes  ; for  often  the  nuclear  division  is  not  accompanied  by 
a division  of  the  cell.  In  this  way  multinucleated  cells  arise 
[e,  g.,  giant  cells).  There  is  ground  for  the  belief  that  direct 
division  is  a process  which  no  longer  tends  to  the  physiological 
increase  of  cells,  but  represents  a degeneration  (Flemming). 
We  find  aniitotic  division  especially  in  the  lower  animals, 
more  particularlv  in  the  protozoa ; but  it  may  occur  also  in 
higher  animals,  along  with  indirect  division  in  many  leucocytes, 
cartilage  cells,  decidual  cells,  surface  epithelial  cells  of  the 
urinary  bladder,  etc. 


INDIRECT  DIVISION  iMITOSIS,  KARYOKINESIS  i. 

This  division  is  characterized  by  a whole  series  of  phenomena 
in  the  nucleus  and  protoplasm,  while  in  consequence  of  a solu- 
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tioii  ot*  tiie  liucleai*  iiieiiibrane  u closer  relution  exists  between 
tlie  imclecir  and  protoplasiiiic  structures.  The  iiiost  essential 
j)art  of  karyokinesis  is  tlie  division  of  tlie  chroniatin  of  the 
jnotlier  cell  into  two  qnite  equal  parts  for  the  daugliter  eells. 

Idie  chroniatin  divides  itself  into  two  equal  parts,  tlie 
so-called  chroniosonies.  They  niay  be  loo])-shaped,  i‘od-shaped, 
or  grannlar.  Tlieii*  nuinbers  niay  be  two,  i’onr,  eight,  sixteen, 
np  to  one  luindred.  The  shape,  as  well  as  the  n umher,  of 
chroniosonies  is  diÖerent,  and  is  characteristic  for  cells  of 
different  aniinal  species. 

An  exactly  equal  division  of  the  chroniatin  takes  place  by  a 
longitudinal  s})litting  of  the  chroniosonies. 

ln  the  protoplasni  at  the  sanie  time  very  important  changes 
tahe  place,  namely,  the  division  of  the  centrosome,  and  the 
arrangement  of  the  protoplasni  in  radially  disposed  lines  around 
the  centrosome.  The  two  parts  of  the  centrosome  move  to  the 
[)oles  of  the  cell,  and  between  them  is  formed  the  central sjnndle 
in  the  protoplasni.  This  is  shown  in  Figs.  7 and  8. 

The  whole  process  of  mitosis  may  be  divided  into  live 


stao^es : 


1 . Prophase ; 

2.  Mother  star  stage  ; 


o.  Metaphase — metakinesis  ; 

4.  Anaphase ; 
o.  Telophase. 

The  pro2Jhase  consists  in  the  preparation  of  the  restin 2; 
nucleus  for  division.  Inside  the  nucleus,  the  nuclear  frame- 
work  arranges  itself  in  threads  which  are  covered  in  the 
beginning  with  thickenings.  These  threads  of  different  lengths 
liecome  smooth  011  their  surfaces  and  twisted,  so  that  there  is 
formed  a coiled  mass  (Knäuel)  (Figs.  4,  a,  4,  5,  6). 

The  originally  rather  thick  coil  or  knot  of  chromatin  threads 
becomes  looser,  and  the  chroniosonies  assume  their  characteristic 
forms  of  loops,  rods,  etc.  (Fig.  4,  c,  Fig.  7). 

The  nucleolus  always  vanishes  duriiig  the  formation  of  the 
coil.  The  centrosome  divides  at  the  beginning  of  these  changes 
into  two  parts,  which  are  joined  froni  the  first  by  fine  fibrils  in 
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tlie  protoplasm  wliicli  are  the  begirming  of  tlie  central  spindle. 
This  central  spindle  beconies  larger  tlie  more  tlie  centrosornes 
advance  toward  tlie  poles  (Figs.  5-7). 

The  nnclear  menibrane  undergoes  solution  and  tlie  clirorno- 
somes  arrange  tliemselves  in  tlie  eqiiatorial  plane,  giving  rise  to 
the  mother  dar  {inonader)  (Pdgs.  4,  4,  6,  and  8).  Wlien  tlie 

clironiosoines  are  of  the  form  of  the  letter  U,  the  lower  round 
part  is  directed  toward  the  centre  and  the  two  arms  of  the  loop 
approach  the  periphery  of  the  cell.  Looked  at  from  above,  the 


Nuclear  division  in  the  epithelial  cells  of  the  cornea  of  the  frog’s  larva.  X 1400. 

(a)  Epithelial  cell  with  nucleus  at  rest.  (h)  Thick  knot  of  chromatin  threads. 
(c)  Loose  knot  of  chroinatin  threads.  (d)  Mother  star  (monaster)  viewed  from  above. 
(e)  Mother  star  viewed  from  the  side.  (/)  Daughter  star  (diaster).  {<i>  Anaphase. 
Daughter  stars  are  moving  toward  the  poles.  {h)  The  daughter  nuclei  in  the  form  of 
loose  knots. 

clironiosoines  so  arranged  have  the  ajipearance  of  a star  (Fig. 

4,  d). 

Diiring  this  stage  of  the  mother  star  the  centrosornes  ]>roceed 
to  the  poles  of  the  cell,  and  the  striations  or  threads  of  the  cen- 
tral spindle  can  be  divided  into  three  groujis:  (a.)  the  fibres 
joining  the  cliromosomes  witli  the  centrosornes  (mantle  fibres), 
(b)  the  central  spindle  fibres  extending  uninterruptedly  from 
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pole  to  pole,  and  (c‘)  tlie  polar  striatioii  wliieli  exteiids  over  tlie 
wliole  cell  witli  tlie  exception  ol  the  part  occupied  by  tlie 
maiitle  libres  and  tlie  central  spindle.  The  polar  radiation 
overlaps  tlie  equatorial  zone  in  wliicli  the  striations  of  the  two 
halves  of  the  cell  cross. 

At  this  period  the  metapkase  begins  by  a longitudinal  divd- 
sion  of  the  chroniosonies,  so  that  each  inother  thread  is  divided 
into  two  danghter  threads.  It  the  chroniosonies  are  in  the  torni 
of  loops,  the  danghter  loops  begiii  first  to  separate  from  one 
another  at  the  curved  apex  and  grow  in  opposite  directions  so  as 
to  approach  the  poles. 

In  this  way  there  are  foriiied  from  one  mother  Star  two 
danghter  stars  (diaster)  (Figs.  4, /*  9).  Between  the  danghter 
loops  there  extend  connecting  fibres  which  belong  to  the  central 
spindle.  In  this  stage  of  the  diaster  we  observe  that  the  polar 
striations  no  longer  overlap  the  equatorial  plane. 

Following  this  coines  the  constriction  of  the  cell  body  in  the 
equatorial  plane  (Fig.  10).  Düring  the  anaphase  both  danghter 
Stars  beconie  changed  into  coiled  masses.  In  the  coils  the 
typical  strnctnre  of  tlie  resting  nncleus  again  appears. 

The  threads  of  the  coil  show  again  an  irregulär  snrface  with 
projections  which  join  with  one  another.  A nnclear  meinbrane 
is  formed,  and  finally  the  franiework  of  the  resting  nnclens  is 
bnilt  up,  and  the  nncleolns  appears.  We  notice  that  the  ana- 
phase is  a reversal  of  the  propliase.  The  last  Step  in  the 
division  is  the  coniplete  Separation  of  the  cell  into  two  halves. 
Dn  ring  this  Separation  the  connecting  fibres  of  the  central 
spindle  become  drawn  together  in  the  eqnator,  and  at  the  sanie 
time  there  appear  swellings  in  the  fibres  in  this  region.  These 
swellings  approach  one  another  more  closely,  and  there  is  formed 
between  the  danghter  cells  which  are  the  prodnct  of  the  divi- 
sion the  so-called  intermediate  bodies  (Zwischenkörper)  (Figs.  11 
and  13).  The  fibres  radiating  from  the  intermediate  bodies  soon 
begin  to  be  lost  in  the  protoplasni,  while  the  intermediate  bodies 
themselves  often  remain  a mnch  longer  time.  After  the  divi- 
sion of  the  cell  is  completed  the  radiation  disappears  in  most 
cases.  After  the  end  of  the  real  mitosis  one  may  distingnish  a 
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Stage  ot  completioii  [tehpkase,  M.  Heideiiliain)  in  wliicli  tlie 
ceutrosomes  and  daugliter  nuclei  assuine  tlieii*  norimd  appeai  - 
ance  and  position  in  the  eells. 

The  epoch-inaking  i-eseardies  of  iate  years  (Fleinming,  M. 
Heideiiliain,  Boveri,  van  Beneden,  C.  Kahl,  v.  Kostanecki,  etc.) 
tlirow  clear  ligiits  on  tlie  niechanisni  of  karyokinesis.  These 
investigations  show  in  the  niaiii  that  the  achroinatic  part  of  the 

figures  (radiations  and  centrosonie)  form  a niechan- 
ical  apparatiis  npon  whose  active  niovenients  the  division  of  th(" 
ehroniosomes  and  of  the  whole  cell  liody  depends.  The  proto- 
plasinic  striations  jday  in  this  an  active  i*dle.  Tlieir  central 
point  of  insertion  forms  the  centrosonie. 

liiere  arises,  then,  diiring  karyokinesis  linder  normal  con- 

ditions  two  nuclei  from  one,  and  froni  each  cell  two  cells.  Onlv 

« 

exceptionally  and  niainly  linder  pathological  conditions  are  man  v 
nuclei  forined  simiiltaneonsl v bv  the  division  of  one  niicleus. 

The  multiplication  of  cells  goes  on  during  the  whole  life  of 
the  organism,  so  that  those  cells  whicli  undei*  norimil  conditions 
must  die,  niav  be  replaced. 

The  dui’ation  of  life  in  the  cell  is  variable.  Its  ^rrowtli 
usually  goes  on  as  long  as  life  lasts,  and  the  original  form  of  the 
(‘eil  is  often  niuch  altered. 

Death  in  the  cell  is  reco2:uized  first  in  the  nucleus.  Certain 

Ce 

changes  occur  which  nre  sj^oken  of  collectively  iis  karyolysis 
(ch TO mato hpt s,  F 1 e m m i n g ) . 

For  a discussion  of  endogenous  cell  division  and  budding, 
see  Cartila£:e  and  Bone-mari'ow. 


PROCESS  OF  FERTILIZATION. 

Division  of  the  egg  occui*s  always  alter  fertilization  (parthe- 
nogenesis  excepted).  Tlie  process  of  fertilization  consists  in  the 
conjugation  of  the  male  cell  (spermatozoon)  with  the  female  cell 
(egg)-  This  leads  to  the  division  of  the  egg,  and  in  consequence 
the  formation  of  the  enibrvo.  This  combination  of  the  sexual 

t- 

cells  takes  i)lace  in  such  a wav  that  the  small  and  actively  motile 
1 */  «. 

Spermatozoon  enters  the  large  and  non-motile  egg. 

Ih’ccedino:  the  fertilization  there  occur  in  the  e^’g  (‘crtain 


Fig.  5.  PLATE  I.  Fig.  0. 
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Fig.  10 


Semidiagrammatic  represeiitation  of  the  processes  of  cell  and  nuclear  division  in  Asan  is' 

meijalocephala.  (After  Kostanecki.) 


Fig.  5. — Resting  cell. 

Fig.  6. — Division  of  centrosoine. 

Fig.  7. — Propbase — centrosoines  at  the  poles;  radiation  well  developed  ; chroraatin  net- 
work  broken  np  into  four  ebroniosoines. 

Fig.  8. — Motber  star  stage  (monaster) ; ebroniosoines  arranged  at  tbe  eqiiator. 

Fig.  9. — Metapbase  ; tbe  longitudinally  divided  ebroinatin  filanients  nioving  toward 
tbe  poles. 

Fig.  10. — Ana])base  ; beginning  of  division  of  cell  body, 

Fig.  11.— Division  of  cell  body  alniost  completed  ; tbe  central  siiindle  sbows  tbe  begiii- 
ning  of  tbe  Intermediate  bodies. 


Fig.  12. 
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Fig.  13 
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Stages  in  tbe  fertilizatiüii  of  Pluisa  fo)itinaUs.  (After  Kostanecki  and  Wierzejski.) 

Fig.  1‘2. — Mother  star  stage  ])assing  into  inetakinesis  for  tlie  formatioii  uf  tlie  tirst 
polar  body.  Tbe  Spermatozoon  is  enelosed  in  tlie  egg  in  tato. 

Fig.  13. — Formation  of  first  jiolar  body;  eentrosome  divided. 

Fig.  14. — First  jiolar  body  fornied.  5Ionaster  stage  for  tbe  formation  of  tbe  seeond 
jiolar  bodj^.  Sperm  radiation  is  sejiarated  froni  tbe  sjierni  niieleus. 

Fig.  1.5.— Formation  of  tbe  seeond  polar  body.  Sperm  radiation  witb  two  eentrosonies 
near  tbe  vesicnlar  sperm  nueleus. 
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cliaiiges  wliicli  are  spokeii  of  collectively  as  egg  ripeniny  or  tlie 
maturation  of  the  egg.  These  clianges  coiisist  of  the  so-called 
rediiction  of  chromosomes.  The  process  of  ripeniiig  inay  go  oii 
and  be  coinjdeted  before  the  s]'>ermatozooii  enters  the  egg  or 
indeed  approaehes  it.  This  is  not  the  same  in  different  animals. 
A similar  rediiction  of  chromosomes  takes  place  in  the  sperma- 
tozoa,  during  their  formation  from  the  so-called  spermatogonia, 
which  will  be  discnssed  in  its  pro]:>er  place.  Here  it  is  only 
necessary  to  say  that  the  Spermatozoon  is  a flagellated  cell  which 
possesses  all  the  essential  constitnents  of  other  cells.  The 
anterior  large  part  of  the  Spermatozoon,  the  so-called  liead, 
represents  the  niiclens ; the  so-called  Intermediate  or  middle 
piece  is  the  centrosorne.  The  flagellnm  or  tail  represents  the 
protoplasmic  part  of  the  cell. 

The  process  of  maturation  and  fertilization  has  been  worked 
out  in  detail  in  a considerable  number  of  animals.  We  shall 
describe  this  process  as  it  occnrs  in  FJiysa  fonthiaUs,  a mollnsk, 
in  which  the  clearness  of  the  microsco})ical  pictnre  allows  of 
exact  Observation  of  both  processes  in  all  their  minuteness 
(Kostanecki  and  Wierzejski).  Here  the  process  of  maturation 
does  not  take  place  nntil  after  the  entrance  of  the  Spermatozoon 
into  the  egg  ; so  that  the  so-called  extrusion  of  hot\\  polar  hodies 
occnrs  simultaneonsly  witli  the  first  stages  of  the  trne  process  of 
fertilization. 

The  process  of  maturation  consists  of  two  nneqiial  karyo- 
kinetic  divisions  of  the  egg  cell,  which  have  all  the  character- 
istics  of  the  cell  division  described  above  (Fig.  12).  The  karv- 
okinetic  fignre  now  moves  toward  the  snrhice  of  the  eo'cr,  aiid  in 
conseqnence  of  the  Splitting  of  the  chromosomes  (metakinesis) 
the  mother  star  is  transformed  into  two  danghter  stars.  A 


ronnd  elevation  is  formed  on  the  snrface  of  the  egg,  and  this 

1 • 

becomes  occupied  Iw  one-half  of  the  chromosomes  and  a centro- 
some  with  one-half  of  the  central  spindle  (polar  spindle).  By 
the  formation  of  an  Intermediate  body  the  Separation  of  the  first 
polar  hody  is  completed  (Fig.  13). 

This  same  process  is  gone  throngh  again  in  the  following 
way.  AVhen  the  first  polar  body  is  not  entirely  separated  off 
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the  ceiitrosome  left  in  the  egg  divides  iiito  two  paits  (Fig.  Id). 
These  centrosomes  arrange  tliemselves  at  the  ])oles  of  the  karyo- 
kinetic  hgure  which  is  tormed  trom  the  chromosomes  reinainin 
in  the  egg.  The  chromosomes  do  not  split  to  form  tlie  diastei 
Stage.  They  separate  into  two  gronps,  giving  rise  to  the  two 
daugliter  stars,  each  of  which  contains  one-lialf  the  number  of 
chromosomes  possessed  by  tlie  mother  star.  Tlie  wliole  karyo- 
kinetic  figiire  becomes  sitnated  under  the  surface  of  the  egg,  and 
a round  mass  of  protoplasiii  ])rojected  from  the  surface  j’eceives 
one-half  of  the  figure.  Thus  the  extrusion  of  the  second  polar 
body  takes  place  in  a way  qiiite  similar  to  that  of  the  first. 
This  completes  the  process  of  maturation. 

ln  consequence  of  this  second  division  of  the  egg  cell,  the 
egg  possesses  only  half  as  many  chromosomes  as  other  (somatic) 
cells  of  the  animal  body  from  which  the  egg  proceeds.  Also 
during  the  development  of  the  Spermatozoon  a reduction  of 
chromosomes  takes  place,  so  that  the  ripe  sexual  cells  (the  egg 
as  well  as  the  Spermatozoon)  contain  only  half  the  number  of 
chromosomes  j^ossessed  l)y  somatic  cells.  Therefoi-e  their  nuclei 
have  really  only  half  the  value  of  other  nuclei.  By  fertiliza- 
tion,  in  which  thei’e  is  a Union  of  the  two  nuclei  containinof 
each  one-half  of  the  full  number  of  chromosomes,  the  normal 
quantity  is  restored. 

ddie  process  of  fertilization — i.  c.,  the  entrance  of  the  Sper- 
matozoon into  the  — beo'ins  in  manv  animals  not  until  the 
extrusion  of  the  second  polar  body.  In  the  animal  under  con- 
sideration  the  fertilization  process  is  already  well  advanced  at 
the  end  of  maturation  ; for  the  two  processes  go  on  together 
and  begin  at  the  same  time.  In  Fhijsa  the  whole  Spermatozoon 
as  a rule  enters  the  egg  (Fig.  12).  In  other  animals  iisually 
only  the  head  and  the  middle  piece  gain  entrance. 

Since  the  function  of  the  tail  or  flagellum  is  at  an  end  after 
the  entrance  of  the  Spermatozoon  into  the  egg,  it  undergoes 
absor])tion.  Around  the  centrosome  of  the  Spermatozoon — i.  c., 
the  middle  piece — a new  radiation  arises  in  the  egg  protoplasm 
(Figs.  13,  14).  The  radiation  and  the  centrosome  of  the 
Spermatozoon  become  more  conspicuous  at  the  expense  of  the 
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Fig.  1(). — Two  polar  bodies  above.  Egg  micdeus  bas  l)ecoiue  vesicular.  Sperni  radia- 
tiuii  bas  increased  in  size. 

Fig.  17. — Egg  and  s])erin  nuelei  a]»i)roach  one  aiiotber.  The  sperm  radiation  and  tlie 
ccntrosomes  move  apart. 

Fig.  18. — Egg  and  si)erni  nnclei  closely  aj^proximated.  The  ccntrosomes  arrange  tbem- 
selves  on  oi)positc  sides. 

Fig.  19. — Tbc  (diromosomes  of  tbe  egg  and  sperm  nnclei  form  a monaster  stage  to  give 
rise  to  two  new  cells. 


C Sj)  7i'  central  spindle. 

FA  K,  egg  nuclens. 

/ F Sp^  tirst  s])indle  after  fertilization. 
ti,  tail  of  Spermatozoon. 

I R K,  first  ])olar  body. 

II  R K,  second  polar  body 


I R Sp,  first  jH)lar  spindle. 

II  R Sp,  second  polar  spindle. 

Sp  (\  centrosome  of  Spermatozoon. 
Sp  K,  sperm  nnclens. 

Sp  St,  si)erm  radiation. 
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protoplaöiii.  The  speriii  cell  ceiitrosoiiie  undergoeH  division, 
so  that  a central  spiiidle  is  formed  (Figs.  14-10). 

At  tliis  stage  of  the  fertilization  tlie  process  ol  maturation 
is  usnally  completed,  and  the  egg  nnclens  lias  becoine  vesicular 
(Fig.  16).  The  sperin  nnclens  now  begins  to  swell  and  becoine 
also  vesicular,  and  a})proaches  the  egg  nucleus.  The  sperin 
centrosome  and  central  spindle  at  the  saine  time  becoine  closely 
related  to  the  sperin  nnclens  (Figs.  15,  16).  Both  niiclei 
becoine  larger,  and  as  they  approach  one  another  the  radiation 
of  the  egg  centrosome  becomes  less  conspicuons.  The  sperin 
radiation  becomes  more  and  more  prominent,  spreading  over 
the  whole  cell.  Finally  the  egg  radiation  vanishes,  since  the 
functions  of  the  protoplasmic  striations,  as  well  as  of  the  egg 
centrosome,  are  after  the  extriision  of  the  two  polar  bodies 
ended  (Figs.  16,  17). 

The  radiation  arising  froni  the  Spermatozoon  enters  into 
combination  with  the  nnclear  framework  and  the  last  chromo- 
somes  of  the  egg  nnclens.  At  this  moment  the  process  of  fer- 
tilization as  such  is  completed.  Botli  nuclei  undergo  the  first 
stages  of  indirect  division  and  give  rise  to  a mother  star  (Figs. 
18,  19). 


The  fnrther  process  is  not  different  from  the  ordinary  mi- 
totic  division.  This  karyokinetic  figure  should  form  nuclei,  of 
which  each  contains  an  eqnal  number  of  male  and  female 
nnclear  segments.  The  number  of  chromosomes  in  the  fer- 
tilized  egg  equals  the  sum  of  the  chromosomes  of  the  ripe  egg 
and  those  of  the  Spermatozoon — that  is,  the  original  full  number 
of  chromosomes  which  is  characteristic  of  the  somatic  cells  of 
the  animal. 


B.  THE  TISSUES. 

The  lowest  animal  organisms  (protozoa)  are  unicellular 
structures.  Since  there  is  only  one  cell,  this  must  carry  out  all 
the  life  functions.  Älore  highly  developed  animals  are  made 
up  of  many  cells  (metazoa),  which  all  arise  by  a division  of  one 
single  cell — i.  e.,  the  fertilized  egg.  These  cells  are  quite  similar 
in  their  early  embryonic  state ; and  there  is  an  almost  spherical. 
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many  angled  form  characteristic  for  ernbryonic  cells.  As 
development  goes  on,  tlie  cells  becoine  constantly  more  unlike 
one  anotlier — L e,,  a differeiitiation  sets  in.  In  such  a multi- 
cellular  organism  tlie  differentiated  cells  no  longer  subserve  all 
tlie  life  functions,  as  is  the  case  with  unicellular  animals.  There 
are  cells  capable  of  performing  only  certain  duties.  We  see 
here  tlie  principle  of  divisimi  of  lahor.  These  cells  differen- 
tiated in  certain  directions,  combined  to  perform  certain  func- 
tions, and  arranged  according  to  certain  laws,  form  the  tissues. 
By  a tissue  we  understand  a complex  of  cells  definitely 
arranged,  differentiated  in  a definite  direction,  and  combined  to 
carry  out  a definite  activity. 

Tissues  consist  not  only  of  cells,  but  also  of  cell  products, 
which  we  group  under  the  terrn  intercellular  suhstance.  This 
is  sometimes  a secretion  of  the  cells,  and  sometimes  a product 
formed  by  a change  in  the  superficial  part  of  the  cell  proto- 
plasm.  It  is  wanting  in  quite  early  ernbryonic  tissues  and  is 
built  up  in  time  by  the  cells. 

The  various  tissues  unite  in  manifold  ways  to  form  organs — 

i.  e.,  bodies  of  a definite  internal  structure,  and  a coiistant 
external  form,  which  serve  a special  physiological  function. 
Only  exceptionally  does  an  organ  consist  exclusively  of  one 
tissue,  as,  for  example,  the  lens  of  the  eye.  Usually  many, 
often  all  of  the  tissues  are  used  in  the  building  up  of  the  organ, 
— e.  g.,  the  intestine,  the  skin,  etc. 

The  Classification  of  tissues  is  one  of  the  most  difiicult 
Problems  in  histology.  It  cannot  be  made  on  a purely  mor- 
phological  basis  ; for  not  only  the  form,  but  also  the  develop- 
ment and  Chemical  properties  of  the  tissue  must  be  considered. 
The  Separation  of  tissues  into  groups  according  to  their  devel- 
opment and  origin  is  not  satisfactory,  since  the  same  tissue  may 
arise  in  more  than  one  way.  The  most  generally  accepted 
Classification  of  tissues  is  the  following : 

1.  Epithelial  (and  glandular)  tissue; 

2.  Supporting  and  interstitial  tissue; 

3.  Muscular  tissue ; 

4.  Nerve  tissue. 
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I.  EPITHELIAL  TISSÜE. 

Epithelium  is  made  up  entirely  of  closely  approximated 
cells  consisting  of  cell  protoplasm  and  nucleus.  The  iiitercellu- 
lar  substaiice  is  reduced  to  a ininimuin,  and  is  seen  only  as  a 
ceinent  substaiice  joining  tlie  cells  witb  one  anotber.  A true 
cell  inembrane  is  usually  wanting,  only  a sligbtly  denser  outer 
sbeatli  being  present  in  tbe  jirotoplasm.  The  classification  of 
epithelial  tissue  depends  largely  npon  tbe  function  wbicb  it  bas 
to  fill.  It  covers  tbe  outer  surface  of  tbe  body,  and  lines  tbe 
body  spaces.  In  addition  to  tbis,  epithelial  tissue  bas  tbe  power 
of  secretion  and  absorption,  and  in  such  a case  it  is  called 
glandular  epithelium  (glandular  tissue).  Finally  it  is  in  some 
instances  capable  of  receiving  certain  Stimuli  from  tbe  outer 
World,  and  transmitting  tbem  to  tbe  nervous  tissue.  Such  a 
tissue  forms  tbe  so-called  sensory  epithelium. 


Fig.  20. 
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Witb  regard  to  tbe  form  of  tbe  cells,  epithelium  may  be 
ßat  or  cylindrical.  Flat  epitbelium  consists  of  more  or  less 
regularly  polygonal  cells,  wbose  deptb  is  very  inconsiderable  in 
comparison  witb  tbe  otber  two  dimensions.  Looked  at  on  tbe 
suiface,  tbe  cell  boundaries  are  made  up  of  straisfbt  or  zi^^za^ 
lines.  iJie  splierical  or  oval  nucleus  lies  usuallv  luore  or  less 
in  the  middle  of  the  cell.  Figure  20  shows  the  flat  epithelium 
viewed  from  above  and  from  the  side.  We  notice  that  the  cell 
in  the  neighborhood  of  the  nucleus  contains  more  protoplasm 
and  is  thicker  at  this  point  (Figs.  20,  21). 
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ln  cylindrieal  epitlieliuin,  on  tlie  coiitrary,  tlie  heiglit 
exceeds  the  two  other  dimensions  of  tlie  cell.  The  cells  of 
cylindrieal  epitlielinm  have  tlie  form  of  more  or  less  long 
prisins  or  pyrainids.  The  nncleu^^  may  be  in  the 


Fig.  2J. 


Flat  epithelial  cells  isolated  froni  tlie  oral  niucous  nienibrane  of  man.  x 375. 


middle  or  at  either  end  of  the  cell.  The  centrosome  lies  in  the 
protoplasni  betvveen  the  niiclens  and  the  free  surface  of  the 
cell,  and  holds  often  a quite  superficial  position.  It  usually  is 
present  in  the  form  of  a single  or  double  graniile. 


Fig.  22. 
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Two  ciliated  cells  and  two  goblet  cells  isolated  from  the  frog’s  oesophagus.  X 520. 


Betweeii  the  flat  and  the  higher  epithelial  cells  there  are 
transition  forms.  When  all  three  dimensions  are  eqnal,  we  call 
them  cubical  epithelial  cells. 

Cylindrieal  epitlielinm  may  undergo  certain  modifleations. 
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Fia.  23. 


If  cluriiig  life  it  bears  on  tlie  free  surface  moving  liairs  (eilia, 
tlagella),  we  eall  it  ciliated  or  ßaxiellated  epitheliiim  (Fig.  22). 
Tliere  is  sometinies  oii  tlie  free  surface  of  tlie  cell  a more  or  less 
definite  refraetive  border  showing  striatioiis  at  right  angles  to 
the  surface.  Tliese  cells  are  called 
cylindrical  cells  vvitli  a cuticular  bor- 
der. Fiiially,  if  tlie  ujiper  part  of 
the  cell  is  changed  iiito  mucus,  so 
that  this  reo'iou  of  the  cell  is  dilated 

o 

in  the  form  of  a goblet,  we  have  to 
do  with  the  so-called  goblet  cells 

(Fig.  22)_. 

In  ciliated  cells  certain  details  can 
be  made  out  which  are  not  always 
visible  and  whose  study  is  attended 
with  great  difificulties.  The  eilia  must 
be  recognized  as  hair-like  processes 
of  the  cell  protoplasm  which  possess 
the  power  of  moving  uniformly  and 
in  one  direction.  Üften  such  eilia 
are  seen  to  be  made  up  of  several 
parts  which  are  singly  or  doubly, 
strongly  or  weakly  refraetive. 

This  complicated  structure  can  be 
made  out  in  the  schematic  representa- 
tion  of  the  ciliated  cell  of  Anodonta 
shown  in  Fii>:.  23.  Here  the  cells  are 
covered  bv  a cuticle.  Directlv  under 
this  there  is  a row  of  so-called  basal 
granules^  which,  according  to  the  latest 
investigations  (v.  Lenhossek),  are  to  be 
considered  as  centrosomes.  The  eilia 
pass  througli  the  cuticula  and  form  in 
this  a series  of  thickenings  in  the  form  of  granules  (Fig.  23). 
In  the  cell  itself  Ave  find  often  in  the  protoplasm  a series  of 
threads  which  begin  at  the  basal  granules,  run  toward  the 
nucleus,  and  raake  up  the  fibrillär  structure  of  the  protoplasm. 


Diagram  of  cilatod  epithelial  cells. 
(After  A])athy). 
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These  fibres,  basal  granules,  and  cilia  are  joiiied  witli  one 
another  in  a continnons  whole. 

The  theories  concerning  tlie  function  of  this  fibrillär  struct- 
iire  are  vagne  and  imsatisfactory.  According  to  one  view,  the 
nncleus  Controls  the  activity  of  the  cilia  by  means  of  the  fibres 
extending  from  it  to  the  surface.  This  is  not  tenable,  because 
parts  of  the  cell  containing  no  nncleus  still  retain  their  power 
of  ciliary  movement  for  a considerable  time.  Other  authors 
consider  these  fibres  to  be  intracellular  nerve-endings.  Still 
othei's  ascribe  to  the  basal  granules  the  power  of  causing  the 
ciliary  movement.  It  is  probable  that,  in  common  with  the 
protoplasmic  network  of  every  cell,  the  fibrillär  structure  pos- 
sesses  the  power  of  contracting.  This  contraction  would  take 
place  mainly  in  the  direction  of  the  strongest  fibrils,  as  it  does 
in  muscular  tissue.  And  their  action  upon  the  cilia  might  be 
compared  with  the  action  of  the  muscles  which  move  hairs  in 
the  skin. 

The  cuticular  border  plainly  seen  in  the  intestinal  epithelium 
is  a product  of  the  cells.  The  striation  is,  according  to  the 
researches  of  li,  Heidenhain,  due  to  the  entrance  of  fine  proc- 
esses  of  the  cell  bodv  into  the  homoo:eneous  cuticle,  and  a 
consequent  change  in  the  relractive  index  of  different  parts  of 
this  mass.  These  processes  may  be  drawn  back  into  the  cell, 
and  in  such  an  instance  the  striation  disappears  (see  Intestines). 

Düring  activity  the  glandular  epithelium  shows  on  its  free 
surface  a layer  of  fine  rods,  such  as  is  seen  in  the  convoluted 
tubules  of  the  kidnev.  This  mav  occur  in  cylindrical  as  well 
as  cubical  epithelial  cells.  There  may  also  be  often  a longitu- 
dinal striation  at  the  basal  end,  which  extends  more  or  less  into 
the  cell  body.  These  two  kinds  of  differentiation  will  be  spoken 
of  more  fully  in  treating  of  the  salivary  glands. 

According  to  the  arrangement  of  the  cells  in  epithelial  tissue 
we  have  : (a)  simple  epithelium — i.  e.,  consisting  of  only  one 
layer;  and  (b)  stratified  epithelium,  consisting  of  many  layers. 
This  division,  together  with  the  form  of  the  cells,  gives  rise  to 
the  following  Classification : 

(a)  Simple  (one  layer)  epithelium  : 
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(a)  Simple  flat  epitlielium  (epitlieliiim  ol  tlie  lung  alveoli, 
tlie  llniiig  of  tlie  vessels,  tlie  pleural  and  peritoneal  cavities,  tlie 
pericardium,  tlie  joint  cavities,  tlie  teiidon  slieatlis,  etc.) ; 

[ß)  Simple  cnbical  epitlielium  (epitlielium  of  tlie  small 
bronclii,  some  parts  of  tlie  kidiiey  tubules,  tlie  tliyroid  glaiid, 
the  ducts  of  maiiy  glaiids,  etc.);  ciliated  cubical  e])itlieliura  is 
fouiid  in  tlie  oviduct,  uterus,  and  fine  bronclii) ; 

(y)  Simple  cylindrical  epitlielium  (epitlielium  of  many  large 
gland  ducts,  in  the  intestinal  canal,  etc.). 

(b)  Stratified  epitlielium  (Fig.  24) : 

(a)  Stratified  flat  e|)itlieliuin  or  pavenient  epitlielium.  The 
superficial  layers  consist  of  fiat  cells  {e.  g.,  epitlielium  of  tlie 
cornea,  the  mouth  cavity,  the  oesophagus,  the  skin,  etc.) ; 

(/?)  Stratified  columnar  epitlielium.  The  most  superficial 
iayer  consists  of  columnar  cells,  the  deepest  layer  of  cubical  or 
polyhedral  cells  {e.  g.,  in  the  ureter,  the  urinary  bladder,  etc.). 
This  is  known  also  as  transitional  epitlielium.  The  same  sort 
of  epitlielium,  possessing  also  cilia,  is  found  in  the  larynx, 
trachea,  large  bronclii,  vas  deferens,  epididymis,  etc. 

Fig.  24. 


Diagrams  of  epithelium:  {n)  nnclei  at  varions  levels;  (6)  stratified  ])avemeiit  epitbe- 
lium ; (c)  stratified  cylindrical  epithelium,  ciliated  at  the  right. 

An  epithelium  may  consist  of  elements  which  are  not  all  of 
the  same  morphological  significance.  One  often  sees  simple 
cylindrical  cells,  ciliated  cells, goblet  cells,  and  cells  with  a striated 
border  in  dose  association. 

As  a transition  stage  between  simple  and  stratified  epithe- 
lium, we  have  an  epithelium  in  which  the  same  cell  reaches  the 
outer  surface  and  also  rests  on  the  connective  tissue  at  the  base 
of  the  epithelium  (Fig.  24,  d).  The  nuclei,  which  in  typical 
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simple  epitlielium  are  iisually  all  at  one  level,  are  liere  placed 
at  varioLis  deptlis  from  the  surface.  8uc*li  cells  usually  bear 
cilia  Oll  their  free  surface,  as,  for  example,  in  the  laryiix,  etc. 

Stratified  epitlielium  may  liave  cylindrical  cells  at  the  base 
and  transition  forms  above  this,  until  at  the  surface  the  cells  are 
flat.  This  is  kiiown  as  stratified  flat  epitlielium  or  pavement 
epitlielium  (Fig.  24),  and  is  characteristic  of  the  epidermis,  the 
mouth  cavity,  the  cesophagus,  the  vagina,  etc.  In  the  epidermis 
the  cells  of  the  superflcial  layers  lose  their  nuclei  and  at  the 
sanie  time  undergo  a Chemical  change,  the  so-called  cornification 
(see  Skin). 

Stratifled  epitlielium  may  consist  also  of  a layer  of  columnar 
cells  Oll  the  surface,  witli  or  without  cilia,  and  below  this  transi- 
tional  forms,  until  a row  of  cubical  or  polyhedral  cells  at  the 
base  is  reached  (Fig.  24,  c).  Such  an  epitlielium  may  be  called 
a stratified  cylindrical  epithelhmi.  We  find  it  in  the  main  ducts 


of  niaiiy  glands. 

Ejiithelial  cells  are  joined  together,  as  we  have  already  said, 
by  means  of  a cement  substance,  which  occurs  usually  only  in 
very  small  cpiantity  between  the  cells.  It  is  recognized  always 
in  tissues  treated  by  silver  nitrate.  If  the  epitlielium  be  sub- 
merged  in  a weak  (0.1 — l.o  per  cent.)  solution,  the  cement  sub- 
stance enters  into  some  sort  of  a combiiiation  with  the  reagent, 
which  linder  the  action  of  sunlight  becomes  dark  brown  or  black. 


The  surfaces  of  the  cells  which  the  cement  substance  connects 
are  often  quite  smooth,  but  show  sometimes  inequalities  and 
depressions  due  to  the  pressure  exerted  by  the  cells  on  one 
another.  This  is  seen  in  the  epitlielium  of  the  mouth  cavity 

(Fig.  21)  and  the  uriuary  bladder. 

in  the  line  of  the  cement  substance  there  is  often  seen  a 
number  of  rod-shaped  bodies  connecting  the  two  adjacent  cells. 
These  form  the  so-called  intercellular  bridges,  and  can  leadily  be 
seen,  for  example,  in  the  deeper  layers  of  the  epidermis.  Where 
the  cells  are  isolated,  the  rods  stand  out  from  the  surface  and 
give  rise  to  the  term  prickle  cells.  The  prickles  or  rods  are 
essen tially  connecting  bridges  passing  through  the  cement  sub- 
stance from  one  cell  to  the  other.  They  are  plainly  processes 
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of  the  cell  protoplasm,  and,  by  special  metliods  of  staining,  it  is 
sometimes  possible  to  follow  them  from  oiie  cell  tlirougb  aiiother 
into  a tliird  (Fig.  2/)).  Between  the  intercellular  bridges  tliere 
are  spaces  filled  witli  intercellnlar  snbstance.  These  spaces  can 
be  injected  from  the  lymph-vessels,  and  are  tberefore  supposed 


Fig.  25. 


From  a section  through  the  stratified  pavement  epithelium  of  the  human  epidermis.  X 700. 

Some  cells  of  the  stratum  spinosum  are  bound  together  hy  })rotoplasmic  bridges. 

to  have  the  functions  of  lympli  spaces.  Tliis  would  supply  the 
nonrishing  Üuids  which  the  lack  of  other  vessels  in  the  epider- 
mis  makes  necessary. 

Epithelium  possesses,  as  a rule,  neither  blood-  nor  lymph- 
vessels.  Only  in  a few  places  have  capillary  branches  in  the 
epithelium  been  described  definitely  (auditory  organ — Retzius, 
mucous  membrane  of  the  gums  in  amphibia — Maurer,  etc.). 
Nerves,  on  the  other  hand,  are  abundaiit. 

The  flat  epithelium  of  blood-vessels  and  lymph-vessels,  as 
well  as  the  epithelium  covering  the  serous  membranes,  shows  in 
certain  places  holes,  the  so-called  stomata  or  stigmata.  These 
are  fine  openings  in  the  cement  snbstance  sufficiently  large  to 
admit  white  blood-corpuscles.  According  to  some  authors 
(Arnold)  these  structures  are  not  preformetl,  but  are  the 
result  of  Stretch  in  o;. 

o 

Changes  may  take  place  in  the  protoplasm  of  the  cell  due 
to  pathological  processes,  and  give  rise  to  appearances  not  at 
all  characteristic  of  the  normal  cell.  The  more  common  of  these 
are,  the  formation  of  vacuoles,  the  fattv  de^eneration  in  which 
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small  tat  globales  are  present  tlirougliout  tlie  cell,  and  tlie 
so-called  cloudy  swelling  in  wliicli  tlie  protoplasm  loses  its 
translncencv  and  beconies  filled  witli  small  «-ranules.  Cells 

V O 

also  may  become  swollen,  so  tliat  tliey  lose  entirely  tlieir  cliarae- 
teristic  appearance ; or,  on  tlie  otlier  band,  especially  in  liar- 
dened  specimens,  cells  may  be  miicli  slirunken.  Certain  special 
degenerations  in  blood  cells  will  be  spoken  of  in  discussing  blood. 

ütlier  special  clianges  in  tlie  cell  may  be  mentioned, 
such  as  cornification  (skin,  liair,  nail),  calcification  (enamel), 
mucoid  cliange  (miicous  glands),  and  fatty  cliange  (sebaceous 
glands,  milk  glands).  The  clianges  undergone  by  tlie  respira- 
tory e|)itlielium  of  tlie  längs  and  tlie  epitlielium  forming  tlie 
lens  of  tlie  eye  will  be  discussed  later.  Finally,  we  must  not 
overlook  tlie  fact  tliat  epithelial  cells  may  contain  granules  of 
pigment,  as,  for  example,  the  pigrfieni  epithelium  of  tlie  retina, 
the  liairs,  and  tlie  lower  cells  of  tlie  epiderniis  in  darkly  colored 
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Between  tlie  cells  of  stratified  epitlielium  we  meet  witli 
nerve-endings  in  tlie  form  of  freely  terminating  axis-cylinders. 
More  will  be  said  of  tliis  subject  later.  Tliere  occur  also  cells  of 
a connective-tissue  nature  wliicli  liave  wandered  up  from  lower 
levels.  These  may  or  may  not  contain  pigment  granules,  and 
appear  usually  as  stellate,  mucli-branclied  structures.  Finally, 
we  find  also  white  blood-corpuscles  which  have  wandered  in 
between  the  epithelial  cells. 


Histogenesis  of  Epithelium. 


In  the  beginning,  epithelial  tissue  has  the  form  of  a mem- 
brane  which  consists  of  only  a single  layer  of  cells.  This  may 
remain  as  it  is  or  become  thickened  by  an  increase  of  its  ele- 

ments.  In  the  latter  case,  bv  the  numerical  increase  of  cells, 

^ « ' 


the  new  elements  either  are  ])ushed  in  between  the  old  ones,  all 
the  cells  Ivinc:  on  the  connective-tissue  sheath  ; or  the  new  cells 
form  many  layers,  cutting  off*  the  old  cells  from  tlieir  connection 
witli  tlie  connective  tissue.  In  the  first  case  we  have  epithelium 
in  which  the  nuclei  are  at  different  levels ; in  the  second,  the 
many-layered  or  stratified  epithelium. 
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Witli  further  development  the  epithelial  tissne  may  cliange 
superficial  ly,  giving  rise  to  such  epidermal  structures  as  liairs, 
uails,  claws,  talous,  the  papillse  filiformes  of  the  tougue,  etc. ; or 
it  may  be  modified  and  grovv  iu  the  deeper  layers  and  give  rise 
to  glauds.  The  superficial  layers  of  a stratified  epithelium 
which  are  woru  away  by  use  are  replaced  by  cells  from  the 
deeper  layers  produced  by  mitotic  divisiou. 

At  the  place  where  the  epithelium  comes  iu  coutact  with  the 
coiiuective  tissue,  there  is  usually  to  be  seeii  a bright  refractive 
liue,  which  forms  a boundary  betweeu  the  tissues.  This  fine 
structureless  membraue  is  called  the  basal  membrane.  It  caunot 
be  said  with  certaiuty  whether  it  is  a product  of  the  epithelial 
cells  or  of  the  counective  tissue.  Iu  certaiu  cases  when  two 
epitlielial  layei’s  lie  upoii  oue  auother  and  are  separated  by  a 
refractive  boundarv  liue,  there  is  no  doubt  that  this  basal 
membraue  is  derived  from  the  epithelium. 

The  fiat  epithelium  which  arises  from  the  middle  germinal 
layer  aud  clothes  the  Joint  sj)aces,  the  serous  surfaces  of  the 
pleui*al  and  peritoneal  cavities,  the  tendoii  sheaths,  and  the 
blood-  aud  ly m})h-vessels,  was  for  a loug  time  considered  as 
belougiug  to  a separate  group  of  cells  kuowu  as  endothelium. 
These  cells  were  classed  with  counective  tissue,  because  they 
have  a certaiu  similarity  to  the  fiat  cells  which  liue  small  spaces 
aud  lactiuae  iu  counective  tissue;  and  also  because  counective 
tissue  is  derived  likewise  from  the  middle  germinal  layer.  In 
Order  to  make  the  Classification  definite,  it  is  best  to  regard  these 
cells  as  epithelial  eells  of  mesoblastic  origin,  so  that  there  will  be 
no  middle  group  formed  betweeu  epithelium  aud  counective 
tissue.  The  maiu  reasous  for  classifviuo*  these  cells  with 
epithelial  tissues  are  the  characteristic  arraugemeut  of  the  cells 
to  form  membraues,  the  small  quautity  of  iutercellular  substauce, 
and  the  abseuce  of  auy  properties  which  would  stand  iu  the 
way  of  their  beiug  so  grouped.  At  the  sarue  time  it  must  be 
noticed  that  ofteu  no  sharp  liue  can  be  drawu  betweeu  couuec- 
tive-tissue  cells  arrauged  like  epithelium  aud  the  simple  flat 
epithelium  itself. 
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Glandular  Epithelium  and  Glands. 

Glaiulis  eoiisist  alinost  exclusively  of  epithelial  tissue.  ln 
<-very  eane  tlie  niost  iin])ortaiit — i e.,  tlie  secretiiig — elemeiits 
are  e])itlielial  cells.  AVe  must  tlierefore  s])eak  liere  in  Connec- 
tion witli  e|)itlielial  tissiies  of  tlie  structure  and  Classification  of 
glands. 

O 

Glandular  e])itlieliiini  is  one  ])ossessing  a secretory  function. 
l>y  secretion  \ve  inean  tlie  production  and  elimination  of  mate- 
rials  wliicli  are  not  to  be  iised  directly  in  tlie  building  up  of  tlie 
body.  These  [iroducts  inay  be  niade  use  of  by  the  organisrn,  in 
wliich  case  the  process  is  called  secvetion.  If,  however,  the 
niaterials  eliminated  are  waste  products,  and  of  no  value  to  the 
body,  the  process  is  one  of  excretion.  If  the  latter  are  retained 
by  the  organisin,  they  niay  be  a nienace  to  its  welfare.  These 
glandular  functions  iiiay  be  carried  out  by  a single  cell,  in  which 
instance  we  have  a unicelliilar  gland ; or  there  niay  be  many 
cells  combined  to  form  what  is  kiiowii  as  a multicellular  or  true 
gland. 

As  an  example  of  unicellular  glands,  we  have  the  so- 
called  goblet  cells,  which  were  described  especially  as  a modi- 
tication  of  the  cylindrical  epithelial  cell.  They  produce 
mucus  froni  their  jirotoplasm  (Fig.  22),  and  consist  of  two 
jiarts : a lower  plasmatic  portion,  containing  the  nucleus ; and 
the  upper  part  near  the  surface  of  the  epithelium,  consist- 
ing  of  mucus.  If  this  is  present  in  large  quantities,  the  upper 
part  of  the  cell  becomes  dilated  or  swollen,  so  that  the  whole 
may  with  some  trutli  be  compared  with  a goblet.  The  basal 
part  of  the  cell  usually  remains  thin,  and  often  is  drawn  to  a 
point.  Kven  ciliated  epithelium,  or  that  with  a striated  border, 
is  capable  of  producing  mucus  and  giving  rise  to  goblet  cells. 
The  change  always  begins  in  the  free  end  of  the  cell  by  the  pro- 
duction of  small  bright  globules,  which  increase  in  size,  fiow  to- 
gether,  and  finally  leave  only  a small  quantity  of  unchanged  pro- 
toplasm  as  a sort  of  framework  to  hold  the  mucus.  At  the  same 
time  there  is  formed  on  the  surface  a cell  membrane  whicli  pre- 
vents  the  escape  of  the  secretion.  The  nucleus  finally  is  crowded 
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iiito  the  basal  end  of  tlie  cell,  together  with  a small  inass  of 
protoplasin  surroiinding  it. 

Wheii  the  cell  is  filled  to  tlie  utmost  with  mucus  the  unter 
cell  membraiie  breaks,  and  throngh  the  opening  the  secretioii 
escapes  to  the  ontside,  while  the  cell  snlfers  a coiisiderable  rednc- 
tion  in  size,  and,  as  it  were,  collapses.  Usnally  we  find  goblet 
cells  scattered  here  and  tliere  singly  between  other  cylindrical 
epithelial  cells.  Tliey  are  capable  of  nndergoi ng  many  tirnes 
the  changes  described,  always  reassnming  their  original  cylin- 
drical form,  nntil  they  finally  die  or  degenerate. 

Goblet  cells  are  distribnted  widely  in  the  animal  organism. 
Kspecially  do  we  find  them  in  the  epithelin m of  the  resjnratory 
tract  (trachea,  bronchi)  and  in  the  intestinal  tract  (stomach, 
small  and  large  intestines).  In  the  mncons  glands  we  find 
cells  containing  large  qnantities  of  nincns,  and  representing 
specific  gland  cells. 

AVe  110 w pass  on  to  the  trne  glands,  which  consist  of  a few 
or  innnmerable  gland  cells.  They  form  a definite  whole  which 
is  bonnd  together  by  connective  tissne.  The  gland  cells  are 
arransfed  beside  one  another  to  form  a o-landnlar  snrface,  from 
which  the  secretion  is  ponred  into  the  gland  Inmen  bonnded 
by  snch  snrfaces.  The  Inmen  nsnally  is  snrronnded  by  many 
•cells ; only  exceptionally  (liver)  is  it  formed  by  two  cells. 

Often  only  the  deeper  lying  part  of  the  gland  secretes,  and 
is  called  the  gland  body^  while  the  parts  lying  near  the  onter 
snrface  have  nothing  to  do  with  this  activity  or  play  only 
the  snbordinate  röle  of  conveying  the  prodncts  to  the  ont- 
side— i.  e.,  they  form  the  ducts  of  the  gland.  liarely  the  dnct 
is  absent,  and  then  the  gland  secretes  thronghont  its  whole 
extent. 

The  arrangement  of  the  glandnlar  elements  gives  to  the 
gland  a definite  form  ; and  according  to  this  and  to  the  shajie 
of  the  Inmen  we  make  a morphological  Classification  of  glands. 
They  may  be  in  the  form  of  simple  cylindrical  tnbes  (tuhuU),  or 
in  that  of  spherical  or  oval  sacs  {alveoli).  These  form  the  tubu- 
lär and  alveolar  glands,  respectively.  We  fnrther  divide  these 
two  gronps  according  as  they  consist  of  one  or  many  tnbnli  or 


48 


mSTOLOGY. 


alveoli,  into  simple  and  compound  tubulär  or  alveolar  glands 
(Fig.  26). 

In  tubulär  glaiids  tlie  simple  tubule  always  ends  blindly,  and 
may  be  coiled  and  form  a coil  (jland  ; or  it  divides  dicbotomously 
and  forms  a simple  branched  tubulär  gland.  A compound 
tubulär  gland  consists  of  several  tubules  wliicli  divide  and  may 

Fig.  26. 

Tubulär  glands.  Alveolar  glands. 


Diagram  of  various  forms  of  glands:  a,  duct;  x,  simple  tubule;  xx,  simple  alveolus. 

become  convoluted.  Eacb  of  these  possesses  a duct  wliicli  opens 
into  the  main  duct  of  the  gland.  lu  compound  glands  tlie  duct 
divides,  wliile  in  the  simple  glands  this  is  not  the  case.  In 
simple  glands  there  may  be  a division  of  the  secreting  gland 
body,  giving  rise  to  a simple  branehed,  gland. 

The  branches  of  tubulär  glauds  mav  anastomose  with  oue 
another  in  the  kidney).  Iiideed,  the  anastoraosis  may  be 
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SO  great  tliat  a iiet-like  structure  results.  Tliis  is  knowii  as  a 
iiet-like  or  reticular  tubulär  glaiul  (liver).  Most  of  tlie  glaiuls 
of  tlie  bodv  are  tubulär.  We  distijiguisli  the  following: 

(a)  Simple  imhvanched  tubulär  glands : fimdus  glands, 

glands  of  Lieberküliii,  and  the  eoil  glands. 

{b)  Simple  branched  tubulär  glands : pyloric  glands,  Brun- 
ner’s  glands,  small  serous  and  mucous  glands  of  the  oral  cavity, 
uterine  glands. 


(6‘)  Compound  tubulär  glands : salivary  glands,  lachrymal 
glands,  kidneys,  testes,  liver,  Cowper’s  and  Bartholini’s  glands, 
and  the  prostate  body. 

Similarly  we  distinguish  between  simple  and  compound 
alveolar  glands.  The  simple  ones  may  be  branched  or 
unbranched.  Branched  glands  consist  of  many  alveoli,  com- 
bined  to  form  an  alveolar  System,  and  o]iening  into  a duct.  If 
many  of  such  Systems  join  to  form  a gland,  we  have  to  do  with 
a compound  alveolar  gland.  Here,  as  in  compound  tubulär 
glands,  many  du  cts  open  into  a inain  duct.  These  may  be  put 
down  as  follows  : 

(a)  JJnbranclied  simple  alveolar  glands : small  sebaceous 
glands. 


{h)  Branched  alveolar  glands:  large  sebaceous  glands,  and 
the  Meibomian  glands. 

{c)  Compound  alveolar  glands  : lungs,  and  mammary  glands. 

Some  authors  speak  of  a transition  form,  the  so-called 
tubulo-alveolar  glands.  They  claim  that  such  glands  as  the 
salivary  glands  have  alveolar  dilatations  at  the  end  of  the 
tubuli. 

Some  glands  possess  no  duct,  as  this  has  in  the  course  of 
development  been  closed.  Such  glands  get  rid  of  their  secre- 
tion  in  two  ways.  In  the  ovary,  for  example,  the  egg  cell 
bursts  out  from  the  Graafian  follicle  and  comes  to  the  outside 
World.  This  is  a so-called  dehiscent  gland.  Otlier  glands 
without  a duct,  such  as  the  thyroid,  adrenal,  hypophysis,  pass 
their  secretion  into  the  blood  which  flows  through  them.  This 
is  what  is  known  as  internal  secretion.  Certain  glands  have 
both  an  external  and  an  internal  secretion,  the  functions  of  the 
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two  products  being  entirely  different  (e.  g.,  tlie  liver,  the 
pancreas,  and  tlie  testes).  For  a fuller  discussion  of  internal 
secretion  and  its  «reat  infliience  in  the  «eneral  econornv,  tln^ 
reader  is  referred  to  works  on  pliysiology,  to  wliicli  tliis  subject 
trnly  belongs. 

Glands  may  also  be  classified  aecording  to  tlieir  products 
into  those  secreting  cells  (ovary,  and  sebaceous  glands),  and 
tliose  secreting  flnids.  The  glands  of  the  first  dass  either 
cast  out  whole  cells,  or  the  cells  break  and  their  contents  are 
secreted,  the  cell  going  to  pieces  and  forming  a part  of  the 
secretion.  To  this  dass  belong  the  sebaceous  glands,  mam- 
inary  glands,  testes,  ovaries,  and  large  sweat  glands.  Those 
of  the  second  dass  secrete  a inatei’ial  froni  cells  which  do  not 
disiutegrate,  but  retain  the  power  of  producing  this  secretion 
many  tiines.  A shai*p  line  of  distinction  cannot  be  drawn 
between  these  two  classes,  for  cells  secreting  fluids  inay  also 
linder  other  circumstances  be  wholly  or  partially  cast  off  thein- 
selves. 

We  shall  now  consider  certaiii  deinen ts  which  go  to  iiiake 
up  glands  in  general.  At  the  oiiter  side  the  cells  of  the 
glandular  epitheliuin  usually  are  bounded  by  a fine  nieinbrane 
(inenibrana  propria  or  in.  basilaris).  This  usually  shows  no 
(letails  of  structure,  and  it  is  doubtful  whether  it  is  a product 
of  the  cells  or  whether  it  is  of  connective-tissue  origin.  In 
some  cases  it  contains  hat  stellate  cells  which  surround  the 
gland  body  like  a basket,  and  join  together  by  processes.  These 
are  called  basket  cells. 

Many  authors  consider  the  inenibrana  propria  to  be  made 
up  of  connective-tissue  elements ; others  have  found  in  it  con- 
tractile  muscle  elements  which  have  the  power  of  drawing 
together  and  pressing  the  secretion  out  of  the  gland. 

Compound  glands  are  divided  usually  by  means  of  strands 
of  connective  tissue  into  lobules  ; from  each  of  which  a duct 
emerges  to  pass  into  the  main  duct.  Outside  the  inenibrana 
projiria  blood-  and  lymph-vessels  and  nerves  are  present  in  the 
connective  tissue.  Also  we  hnd  in  some  glands  typical  sniooth 
muscle  hbres  under  the  membrana  ])ropria.  Ofteii  arouiid  the 
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larger  duets  tliere  is  a qiiite  stroiigly  developed  layer  ot  sniooth 
miiscle. 

Glaiids  are  aiiioiig  tlie  inost  riclily  vaseidar  tissues.  The 
blood-vessels  divide  iiito  fine  eapillaries,  wliieli  .surround  tlie 
tiibuli  or  alveoli,  and  nin  along  tlie  basal  ends  of  tlie  gland 
eells.  The  blood  Üowing  to  the  gland  carries  witli  it  niaterials 
iised  in  the  forniation  of  the  seei’etion,  the  gland  eells  being 
between  the  blood-vessels  and  the  linnen.  The  eonstitiients  ol 
the  seeretion  may  be  directly  taken  u|)  froni  the  blood  ; but 
nsually  they  are  the  resiilt  of  specific  inetabolic  changes  in  the 
gland  eells,  soine  niaterials  being,  however,  snpplied  by  the 
blood.  Also  the  seeretion  may  have  partly  one  and  [)artly  the 


other  origin. 

In  sonie  glands  the  seeretion  proeeeds  to  the  liinien  not  only 
froni  the  snrface  of  the  eells,  bnt  also  throngh  fine  eanals,  the 
so-called  seci'etory  cainUaries,  it  is  earried  in  all  directions  (see 
Sali  Vary  Glands  and  Stomach).  These  secretory  ca|iillaries, 
which  anastomose  freely  with  one  anothei*  to  form  a sort  of 
network,  open  finally  into  the  gland  Inmen. 

The  niaterials  which  are  seereted  internally  are  taken  np 
by  the  blood  and  earried  to  the  parts  of  the  body  in  which 
they  are  nsed. 


The  varied  appearanees  riiet  witli  in  gland  eells  (granulär, 
vacuolated,  stridted,  etc.)  are  due  in  large  part  to  the  kind  of 
seeretion  present.  This  may  be  equally  varied,  such  as  ninciis, 
bile,  urine,  gastric  Juice,  ferments,  sugar,  etc.  Tikewise  the 
appearance  of  the  secretory  cell  changes  according  to  its  degree 
of  activity.  There  may  be  various  stages  of  functional  activitv 
shown  at  the  same  time  in  the  eells  of  a tubule  or  alveolus. 
Some  are  filled  with  niaterials  which  thev  are  about  to  secrete, 
while  others  are  shrunken  and  empty  on  account  of  having 
discharged  their  products. 


Chorda  Dorsalis. 

The  tissue  of  the  chorda  dorsalis  occupies  an  uncertain 
Position  in  the  Classification.  This  structure  is  present  only  in 
the  embryonic  life  of  higher  vertebrates,  and  is  niade  up  of 
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tissue  wlii eil,  jiitl ging  frorii  its  origiii  and  ehemical  [)roperties, 
is  related  to  epitlieliimi.  On  tlie  otlier  haiid,  tlie  fact  tliat  it 
may  be  transformed  into  cartilage  would  seeiu  to  bring  it  nearer 
to  the  connective  tissnes. 


II.  SUPPORTING,  CONNECTING.  AND  INTERSTITIAL  TISSUE. 

Tliis  gronp  is  inade  np  of  tissnes  wliose  fnnction  it  is  to  form 
the  snpporting  framework  for  the  organs  and  for  the  body  : to 
join  together  the  nnits  wliich  inake  np  the  organs;  and  to  tili 
np  the  spaces  between  sneh  nnits  and  organs. 

A general  characteristie  of  these  tissnes  is  the  jiresence  of  a 
large  qnantity  of  intereellnlar  or  gronnd  snbstance,  so  that  the 
cellular  elernents  are  often  inconspienons.  The  connecting  snb- 
stances  are  distribnted  thronghont  the  wliole  body,  and  are 
classiüed  mainly  with  regard  to  physical  and  ehemical  differ- 
enees  in  tlie  intereellnlar  snbstances.  We  distingnish  : 1,  eon- 
nective  tissne ; 2,  cartilage  ; and  o,  hone. 

Usnally  these  tissnes  ean  plainly  be  distingnislied  from  one 
another.  They  are  gronped  together:  beeanse  they  are  closely 
related  both  ontogenetically  and  phylogenetieally ; beeanse  when 
they  are  near  one  another  there  is  often  no  sharp  line  to  be 
drawn  between  tbem  ; and  beeanse  they  are  eapable  of  replacing 
one  another.  So  we  see,  for  example,  that  the  skeleton  in  the 
different  classes  of  animals  niav  eonsist  of  soft  connective  tissne, 
of  cartilage,  or  of  hone.  Similarly  the  selera  in  higher  animals 
is  a eonneetive-tissne  strnetnre,  while  in  some  fishes  it  is  bony 
or  cartilaginons.  Also  it  is  well  known  that  hone  may  develop 
from  cartilage,  and  that  cartilage  may  develop  connective-tissne 
fibres  in  its  snbstance.  All  of  these  tissnes  are  of  raesodermal 
orio^in — i.  e.,  thev  arise  from  the  middle  germinal  layer  {meso- 
(lerm). 

These  tissnes  begin  to  develop  from  the  so-called  embryomc 
cellular  tissne.  This  consists  of  round  or  polygonal  cells  with. 
in  the  besfinnins;,  no  gronnd  snbstance.  Later  the  cells  change 
their  form  and  become  spindle-shaped,  or,  by  the  formation  of 
anastomosing  processes,  stellate.  At  this  time  the  cells  lie  in  a 
semiflnid  intereellnlar  snbstance,  which  is  eertainly  a prodnet 
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of  the  cells  tlieiiirfelve?^.  At  Hrst  tliis  is  lioiiiogeneous,  but  in 
t\irtliei‘  development  foniied  elements  uppear  in  tlie  form  of 
iibres.  After  certain  chaii2;es  in  tlie  cellular  elements  and  tlie 
irround  substance  a form  is  reaclied  wliich  belongs  to  one  of  tlie 
tliree  main  groups  of  connective  tissues  described  above. 

ln  tlie  spaces  of  tlie  intercellular  substance  tliere  lie  various 
kinds  of  cells,  wliose  function  it  is  to  nourisli  the  intercellular 
substance.  The  nutritive  fluids  pass  through  the  ground  sub- 
stance from  one  cell  to  anothei- ; and  when  the  ground  substance 
is  of  ßrm  consistency  there  are  special  paths  or  canals  formed. 


1.  Connective  Tissue. 

To  this  group  belong  tliose  tissues  wliose  intercellular  sub- 
stance (also  called  ground  substance)  is  not  especially  firm,  and 
contains  mucin,  Collagen,  or  elastin.  We  may  distinguish  sev- 
eral  kinds — 

(a)  Embryonic  connective  tissue. 

(d)  Areolar  or  fibrillär  tissue  : 

(1)  Intercellular  substance : 

(a)  White  connective-tissue  fibrils  ; 

(ß)  Elastic  fibrils ; 

(y)  Ground  substance. 

(2)  Cells: 

(a)  Fixed  cells ; 

(ß)  Granulär  cells ; 

(y)  Wandering  cells. 

(c)  White  fibrous  tissue. 

(d)  Yellow  elastic  tissue. 

(e)  Reticulum. 

(/)  Fat  tissue. 

(a)  Embryonic  connective  tissue  (gelatinous  tissue,  mucoid 
tissue)  consists  of  round  or  stellate  cells  which  are  joined  by 
processes,  between  which  there  is  a large  quantity  of  mucus- 
( mucin-)  holding  interstitial  substance  (Fig.  27).  Mucin  may 
be  recognized  by  treatment  with  acetic  acid,  with  which  it  forms 
a granulär  precipitate.  In  young  embryos  the  intercellular 
substance  is  homogeneous,  while  in  older  embryos  connective- 
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tissue  fibrils  begin  to  be  forrned.  Tliis  gelatinous  tissue  is  fourid 
in  tlie  uinbilieal  cord,  and  also  in  tlie  einbryonic  cutis.  Jt  is 
not  to  be  considered  as  a separate  kind  of  tissue,  but  only  as 
an  early  stage  in  the  development  of  tlie  true  fibrillär  connec- 
tive  tissue.  A similar  tissue  is  present  in  tlie  vitreous  liumor  of 


Embryonic  connective  tissue  from  tbe  subcutaneous  layer  of  the  skin  of  a three  and  a half 
day  old  chick.  X 640.  l'wo  karyokinelic  ligures  are  seen. 

the  eye,  wliere,  liowever,  the  homogeneous  semifluid  ground 
substance  is  very  abundant  and  the  cells  have  in  large  part 
disappeared. 

(Z>)  Areolcir  or  FihriUar  Connective  Tissue. — The  intercellular 
substance  contains  forrned  elenients  of  two  different  kinds : 
the  white  connective-tissue  fibrils,  and  the  elastic  fibres.  There 
are  also  cells  of  various  kinds  present  (Fig.  29). 

(1)  Intercellular  Substance. — (a)  white  connective-tissue 

fibrils  consist  of  Collagen — i.  c.,  when  boiled  they  yield  gelatin 
(glutin).  These  fibres  run  always  in  bundles  (Fig.  30),  and  when 
they  are  present  in  large  quantities  are  known  as  white  fibrous 
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Hssue  (see  below).  These  buiidies  ure  joiiied  togetlier  by  a 
cement  substance,  wliicli  is  soliible  in  lime- water,  baryta- water, 
or  in  a saturated  aqneous  solution  of  picric  acid.  The  fibrils 
themselves  never  divide  ])iit  the  bnndles  may  brauch  dichoto- 


Fig.  28. 
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Reticulum  of  cat’s  lymph  glaml,  sbowing  leucocytes  and  connective-tissue  cells  in  its 
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mously.  The  tibrils  swell  in  acetic  acid,  and  in  Solutions  of 
sodiuin  and  potassiuni  hydroxide,  and  are  dissolved  by  boiling 
in  diliite  acids  or  in  dilute  potash.  In  pepsin  they  are  digested 
easily,  in  pancreatin  not. 

Fig.  29. 


Areolar  conuective  tissnc  froni  the  snbcntis  of  a rat.  X .300. 

iß)  Elastic  fihres  are  fbiind  in  areolar  tissiie  in  sinaller 
quantities  tlian  the  tibrils  of  the  white  fibrous  tissue.  They 
niay  be  of  different  thicknesses,  but  alvvays  run  sinsjly  withont 
forming  bundles.  They  often  divide  dicbotomously  (Fig.  29) 
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aiul  anastomose  witli  oiie  aiiother  to  form  a iietwork.  Tliey  are 
characterized  by  beiiig  bigiily  refractive  and  elastic.  Jf  we 
act  upoii  white  übrous  tissiie  witli  acetic*  acid  or  alkalies,  the 
Hbrils  swell  iip,  and  oii  tliis  uniform  background  tlie  twisted  or 
öjhral  course  of  the  elastic  fibres  is  often  broiight  out  with 
great  distinctness,  for  the  latter  are  not  atfected  by  these 
reagents.  Tl  le  elastin  of  wliicli  the  elastic  fibres  consist  is 

characterized  in  general  by  a resistance  to  ordinary  reagents. 
Acids  and  alkalies  do  not  affect  it.  Digestion  in  pepsin  and 
boiling  in  water  and  dilute  acids  or  alkalies  are  all  resisted.  It 
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White  coimective-tisj;ue  tibrils  from  a teiidon  of  the  mouse,  treatecl  with  picric  acid  and 

teased  out  witli  ueedles.  X SOO. 


digests,  however,  in  pancreatin.  When  a great  inany  of  these 
elastic  fibres  occur  together,  we  speak  of  them  as  elastic  tissue 
(see  below). 

(y)  The  grouiid  substance  in  which  these  fibres  are  laid 
down  is  quite  hoinogeneous,  and  in  definitely  developed  connec- 
tive  tissue  is  present  in  very  small  quantities. 

(2)  Cells. — In  the  gronnd  substance  between  the  fibres  we  find 
a considerable  nnmber  of  cells.  Two  main  sorts  can  be  distin- 
t’^uished,  narnelv,  the  fixed  connective- tissue  cells,  which  have  no 
power  of  motion,  and  the  wandering  cells,  which  can  move  from 
one  place  to  another.  This  division  is  not  definite,  because 
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lixed  cells  sometimes  become  iiiotile,  und  wandering  cells  fixed. 
Tliey  inay  tlierefore  be  classified  in  tbree  gronps  on  a inorplio- 
logical  basis.  There  are  (a)  fixed  or  true  comiective-tissue  cells, 

[ß)  granulär  cells,  (y)  wandering  cells. 

(a)  I'^ixed  or  f)‘ue  cininective-tis^iic  cclls  are  always  fiat,  nsuall} 
polygonal  cells,  wliicli  inay  possess  processes  and  liave  tlie 
appearance  of  stellate  or  spindle~like  cells  (l^ig-  dS)).  I bis  last 
form  is  fonnd  nsually  in  yonng  connective  tissiie.  Looked  at 
froin  the  side,  tliey  are  like  long,  thin  spindles.  Ihe  border  of 
tlie  cell  is  often  verv  tliin.  ln  tlie  neighborliood  of  the  nucleus 
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Piece  of  tendoii  from  tail  of  white  mouse.  Betwcen  the  buiidles  of  comiective-tissue 
tibrils  are  cells  arrauged  in  rows.  Some  are  seen  in  snrface  view,  and  otbers  in  optical 
section.  X 400. 


is  an  acciimulation  of  hnely  granulär  protoplasin,  whicli  inakes 
the  cell  thicker  at  that  place.  Where  tliey  are  pressed  upon  by 
the  fibres  of  the  intercellular  substance  the  cells  sometimes  show 
rids^es  and  markin2:s.  Often  the  cells  lie  in  rows  on  the  bundles 
of  fibres  [e.  g.^  in  tendon)  (Fig.  dl),  where  they  are  disposed 
longitndinally.  The  cells  may  surround  the  bundles  and  form 
more  or  less  complete  sheaths  for  tlieni.  Ey  tlie  Separation  of 
these  cells  the  isolation  of  connective-tissne  bnndles  bv  the 
action  of  acetic  acid  can  be  explained.  On  the  swelling  up  of 
connective-tissne  fibres  the  sheaths  formed  of  connective-tissne 
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eells  becoine  broken.  ln  certain  places  tliere  are  cells  which 
Surround  the  bundles  and  offer  a great  resistance  to  tlie  pressure. 
The  bundles  liere  swell  up  between  bands  of  cells  and  leave 
constrietions  wliere  the  cells  remain  intact. 

In  some  pigmented  parts  of  tlie  body  (skin,  eye)  the  pro- 
toplasm  ol  the  fixed  connective-tissue  cells  contains  brown, 
black  (melanin),  or  other  colored  granules.  These  are  the  so- 
cslled  pigment  cells  (Fig.  32).  Pigment  granules  are  insoluble 

Fia.  32. 


Pigment  cell  from  the  skin  of  a youug  Salamander.  X 200. 

in  water,  alcohol,  ether,  and  dilute  acids.  They  dissolve  in 
alkalies  and  lose  their  color  in  chlorine-water.  They  are  a 
product  of  the  protoplasm  formed  from  materials  taken  up  from 
the  blood.  Pigment  cells  often  are  found  abundantly  in  the 
skin  of  lower  animals,  where  they  are  very  large  and  stellate, 
and  have  the  power  of  moving  themselves  by  means  of  processes. 
These  movements  are  supposed  by  some  to  be  under  the  influ- 
ence  of  the  nervous  System,  and  nerve-endino^s  have  been  reco^- 
nized  in  the  cells  (Leydig,  Ballowitz,  Eberth,  and  Gunge). 

Fixed  connective-tissue  cells  may  also  develop  within  their 
protoplasm  fine  fat  globules,  which  flow  together  to  a large 
droplet  and  give  rise  to  the  so-called  fat  cells  or  s^gnei-ring  cells 
(Fig.  33).  When  a great  many  of  these  cells  gather  together, 
they  are  spoken  of  as  fattg  tissue  ov  fat  (see  below). 

{ß)  Granulär  Cells : 

1.  Plasma  cells ; 

2.  Mast  cells  of  Ehrlich  ; 

3.  Clasmatocytes  of  Ran  vier. 
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1.  Plasma  Cells  (Unna). — These  are  cells  of  variable  fbriny 
wliose  protoplasni  stains  charaeteristically  in  polyelirome  rnethy- 
lene-blue.  They  are  fonnd  especially  in  tlie  neigliborhood  of 
small  blood-vessels.  Two  varieties  iisually  are  recognized : 
small  plasma  cells,  wliicli  are  similar  in  niany  vvays  to  tlie 
ordinary  lymphocytes,  and  large  plasma  cells.  According  to 
most  autliors,  plasma  cells  arise  from  lymphocytes  and  later  on 
become  fixed  connective-tissne  cells. 


Fig.  33. 
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From  the  subcutaiieous  connective  tissue  of  the  rat.  Along  the  vessel  are  found  mast  cells 


and  two  tat  cells.  X 540. 


2.  3Iast  cells  may  assume  all  the  forms  of  plasma  cells.  The 
protoplasm  is  filled  with  round  refractive  granules  which  have  a 
special  affinity  for  basic  aniline  dyes.  The  granules  take  a deeper 
colorthan  the  rest  of  the  tissue,  and  often  assume  quite  a differ- 
ent color  (metachromatic  staining).  Dahlia-violet  stains  the 
mast  cells  a characteristic  reddish  tint,  while  the  other  parts  of 
the  tissue  are  colored  only  faintly.  The  nuclei,  on  the  other 
hand,  take  up  stains  only  slightly,  so  that  the  nucleus-holding 
portion  of  the  cell  appears  pale  (Fig.  33).  The  nucleus  may 
often  be  in  visible  if  the  darkly  stained  granules  form  a laver 
covering  it.  The  term  “Mastzellen,”  which  was  proposed  by 
Ehrlich  because,  according  to  bis  idea,  these  cells  appeared 
under  the  influence  of  better  nourisliment,  is  somewhat  inappro- 
priate,  for  they  are  found  often  in  senile  and  atrophic  tissues. 


()0 


inSTOLOGY. 


Tliey  seem  to  be  in  iio  way  connected  witli  tlie  general  nutritive 
condition  of  tlie  animal.  It  is  intererftin g to  note  that  thev  liave 
beeil  found  in  eqiial  abiindance  in  bats  before  and  after  tlie 
winter  sleep  (Ballowitz).  Like  plasma  cells,  tlie  mast  cells  are 
found  usually  in  tlie  neighborliood  of  blood-vessels.  Tliey  are 
found  also  under  epithelial  surfaces^  in  tlie  smootli  muscles,  mani- 
niary  gland,  and  testicle.  Many  autliors  claim  tliat  tlie  two  are 
identical,  and  tlie  differences  in  staining  reaction  tliey  consider 
to  be  dependent  on  a Chemical  or  functional  condition.  Some 
trace  their  origiii  froiii  leucocytes  ; others  assert  that  thev  are 
true  elements  and  essential  constituents  of  connective  tissue ; 
still  others  regard  them  as  products  of  pathological  change. 

3.  Clasmatocytes  are  large  spindle-shaped  or  stellate  cells, 
with  long,  irregulär  processes,  wliicli  may  be  torn  or  cast  off 
and  be  found  as  separate  masses  near  the  cell.  Ranvier  Claims 
that  they  arise  froiii  leucocytes,  and  that  in  inflammation  of  a 
tissue,  for  example,  tln^y  may  agaiii  beconie  leucocytes  and  form 
pus.  They  stain  Avell  with  methyl-violet  5 B. 

Truly  tliere  is  little  knowipand  nothingwith  certainty,  con- 
cerning  this  whole  group  of  granulär  cells.  Up  to  the  present 
time  their  origin  and  their  function  are  bv  no  means  clearly 
understood,  nor,  indeed,  do  we  know  in  what  relation  the  three 
kinds  of  cells  stand  to  one  another. 

(c)  Wandcrimj  cells  (Fig.  29)  are  really  not  connective- 
tissue  cells,  but  leucocytes  which  by  “ diapedesis ’’  have  wan- 
dered  through  the  walls  of  the  smaller  blood-vessels  into  the 
surrounding  connective  tissue.  Thev  are  not  characteristic  for 
connective  tissue,  since  they  are  found  also  {e,  g.)  in  epithelium ; 
but  they  occur  in  greater  quantities  in  the  former  than  in  any 
other  tissue.  They  possess  the  ])Ower  of  amceboid  movement, 
and  wander  freelv  between  the  constituents  of  other  tissues. 

Wandei'ing  cells  mav  undergo  division  in  the  connective 
tissue  and  increase  there.  Thev  have,  in  common  with  leu- 
cocvtes,  the  power  of  takiiig  up  certain  materials  {e.  g.,  bacteria), 
which  they  eitlier  assimilate  or  render  innocuous  to  the  organ- 
ism — i.  e,,  they  play  the  part  of  phagocgtes  (Metchnikow). 

It  has  been  observed  that  voung  fixed  cells  which  arise  from 
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the  divisioii  of  okl  oiies  iiiay  acqnire  tlie  power  ol  anujeboid 
movement  and  beeome  w;iiiderim>'  cells.  It  is  known  also  tliat 

o 

wandering  cells  may  lose  tlieir  motility  and  be  transformed  into 
fixed  connective-tissue  cells.  Botli  tliese  considerations  play  an 
ini])ortant  rdle  in  the  fbrmation  of  pus  in  an  inflammatory 


])i*ocess. 

Wandering  cells  may  contain  pigment  granules  in  tlieir  pro- 
toplasm  and  form  motile  pi^menl  cells. 

The  relative  nurnber  of  tliese  difte]*eiit  cells  in  the  connective 
tissiie  is  very  variable,  and  is  dependent  on  conditions  wliicli 
are  not  well  understood. 

ln  describing  the  development  of  fibrillär  connective  tUme, 
we  must  considej*  not  only  the  origin  of  its  constituents,  but 
also  the  relation  which  exists  genetically  between  the  cellular 
elements  and  the  intercellular  substance.  Connective  tissue 
arises,  as  has  been  mentioned,  froni  the  mesoderm,  and  passes 
throimh  the  stao;e  of  ^elatinous  or  rnucoid  tissue.  The  chano-es 
which  the  cells  under«:o  in  the  formation  of  rnucoid  tissue  have 
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already  been  spoken  of.  The  whole  connective  tissue  at  fii*st 
consists  of  cells,  and  the  mucin-containino:  «round  substance 
which  develops  between  the  cells  is  a product  or  secretion  of 
tliese.  The  solution  of  the  problem  as  to  the  formation  of  the 
two  kinds  of  libres  is  difficult.  According  to  most  authorities, 
the  libres  are  of  cellular  ori«;in  ; accordin«;  to  others,  thev  are 
intercellular  structures.  Schwann  considers  that  the  fibres  are 
formed  by  a Stretching  out  and  clongation  of  the  cell  body  and 
a disappearance  of  tbe  nucleus.  Lebert  and  Kobin  niodify 
Schwan ids  conception  slightly,  and  regard  the  Inindles  of 
connective  tissue  as  derived  from  the  protoplasm  by  a process 
of  division ; so  that  the  cell  loses  its  individuality  as  such,  and 
becomes  changed  into  one  or  more  fibres.  Accordin«:  to 
Virchow’s  theory,  on  the  contrary,  the  cells  have  nothing  to  do 
with  the  formation  of  tlie  fibres ; tliese  arise  in  the  hitherto 
homogeneous  ground  substance.  Merkel,  v.  and  others 

also  adhere  to  this  theory.  Finally,  other  authors  (Schulze, 

Flemming,  Mall,  Spuler)  regard  the  fibres  as  a derivation  of  the 
peripheral  part  of  the  cell  protoplasm — i.  e.,  the  exoplasm. 
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In  sup[)ort  of  Scliwann’s  theory  is  tlie  fact  tluit  fibrillär 
€oniieetive  tissue  coiitaiiis  a clecreasiiig  number  of  cells  as  ii^^e 
advanees,  wliile  at  tlie  same  time  tlie  fibres  increase  largely. 
I)Ut  it  IS  certaiii  tbat  tlie  decrease  in  cells  is  oiily  a relative  oiie. 
As  tlie  orgaiiisiii  grows  more  space  is  left  for  tlie  iiitercellular 
siibstaiice,  and  in  older  connective  tissue  cells  beconie  apparently 
less  niinierons.  Ibis  tlieory,  in  tlie  light  of  later  investigations, 
lias  lost  its  adlierents.  It  is  to  be  noted  tliat  between  tlie  cellu- 
lar and  intercellular  tlieories  tliere  is  no  essential  difference. 
Llie  ground  snbstance  is  a prodiict  of  tlie  cells,  wliicli  exercise  a 
nutritive  and  forniative  inflnence  on  tlie  intercellular  snbstance 
and  regulate  all  ])rocesses  going  on  tlierein.  In  otlier  words, 
tlie  cells  are  tlie  only  elenients  playing  an  active  rble  in  tlie 
tissue.  According  to  tlie  cellular  theory,  the  cells  form  tlie 
fibres  directly  ; while  according  to  Virchow’s  view,  the  fibres 
arise  indirectly  from  the  cells  which  have  first  formed  inter- 
cellular substance.  In  this  intercellular  snbstance  a differen- 
tiation  takes  ])lace  under  the  infiuence  of  cells.  One  may  take 
Up  a Position  half-way  lietween  tliese  two  theories.  Flemmino' 
States  this  as  follows  : There  is  formed  in  the  peripheral  part 

of  the  cell  a fibrillär  layer ; this  layer  becomes  intercellular 
substance,  increases  in  (juantity,  and  may  produce  new  fibrils  as 
long  as  it  grows.”  Ile  believes  that  the  intercellular  substance 
is  not  dead  or  inert,  but  is  a material  produced  from  the  cells 
by  a Chemical  and  structural  modification,  and  is  capable  for  a 
long  time  of  ])roducing  fibrils.”  This  lias  beeil  confirmed  by 
the  work  of  Mall. 

With  regard  to  the  forviation  of  elastic  fibres  there  are  also 
two  hypotheses.  Borne  regard  them  as  intercellular ; others,  as 
intracellular  in  origin.  The  old  idea  that  the  nucleus  or  the 
whole  cell  is  transformed  into  elastic  fibres  is  without  foun- 
dation.  Mainly  on  the  ground  of  investigations  of  the  develo])- 
ment  of  elastic  cartilage  has  it  been  determined  that  the  elastic 
fibres  arise  entirelv  in  the  h valine  ground  substance,  and  have 
only  an  indirect  relation  to  the  cartilage  cells  (IMüller,  v. 
Kölliker,  Ran  viel“,  INIall).  According  to  Mall,  tliey  appear  as 
delicate  fibrils  in  the  ground  substance  midway  between  the 
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cells.  In  tlie  later  stages  in  tlie  developinent  ot  tlie  arytenoid 
eartilage  tliere  ap}>ear  small  granules  wldcli  increase  in  size  to 
form  tlie  elastic  granules  of  Kan  vier.  These  do  not  form  elastic 
librils.  O.  Ilertwig  and  Bubnoff  hold  that  elastic  fibres  are  a 
prodiict  of  the  superhcial  layers  of  the  cell  protoplasm.  Kurkow 
Claims  that  the  übres  are  formed  in  tlie  protoplasm  immediately 
surrounding  the  luicleus,  and  that  tlie  nucleus  influences  this 
formation. 

Fibrillär  connective  tissne  may,  according  to  the  arrange- 
ment  of  the  fibril  bundles  and  the  density  of  the  tissne,  be 
classified  as  : 1,  loose  or  unformed  ; 2,  dense  or  formed  con- 
nective tissne. 

1.  In  the  ßrst  groiip  the  fibres  form  a loose  network  in  which 
cells  of  various  kinds  lie.  This  contains  often  large  or  small 
groups  of  fat  cells.  It  is  distributed  over  the  whole  body,  and 
partly  fills  up  the  spaces  between  orgaiis  or  their  ])arts.  It  also 
holds  these  organs  or  parts  of  Organs  together,  as  is  plainly  seen 
in  many  parts  of  the  body. 

2.  In  the  secoiid  group  the  fibril  bundles  have  a firm  com- 
bination  and  a regulär  arrangement.  They  may  cross  one 
another  at  various  aiigles,  as,  e.  g.,  in  the  skin,  the  mucous 
membraiies,  the  periosteum,  perichondrium,  in  the  cajisules  of 
many  organs,  etc.;  or  they  may  be  arranged  in  deßnite  direc- 
tions,  and  form  firm  Strands  and  membranes.  In  the  latter  case 
all  the  fibril  bundles  may  run  in  one  direction  {e.  g.,  in  tendons), 
or  they  may  form  flat  sheaths  wliose  fibres  usually  run  at  right 
angles,  as,  e.  g.,  in  fascia  and  the  cornea. 

In  this  wav  we  have  three  kinds  of  connective  tissne  which 
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are  merely  modifications  of  fibrillär  tissue,  namely,  white  fibrous 
tissue,  elastic  tissue,  and  fat  tissue. 

(c)  White  fibrous  connective  tissue  (Fig.  30)  is  merely  a tissue 
in  which  regularly  arranged  fibres  of  the  sort  described  as  white 
connective- tissue  fibres  are  the  main  constituents.  It  is  found 
most  abundantly  in  tendons  and  fascim,  but  is  to  be  seen  in 
smaller  quantities  in  almost  every  part  of  the  body.  It  has  the 
Chemical  properties  described  in  speaking  of  the  white  fibrils, 
and  owes  its  name  to  its  white  appearaiice  in  the  fresh  condition, 
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ind  to  tlie  tuet  that  oiie  caii  se])arate  it  iiito  loiig  wliite  tibi’es 
wliich  are  qiüte  tough  and  stroiig.  This  tissue  aJways  oontain.s 
a small  iiumber  of  elastie  fibres  and  varioiis  eonnective-tissiie 
cells. 

[d)  Elastie  eonnective  tissue  is  tlie  name  given  to  a tissue 
whieli  is  made  up  in  large  part  of  elastie  übrils.  It  is  known  also 
as  yellow  elastie  tissue,  on  account  of  its  briglit-yellow  eolor 
wlien  it  is  seen  in 'large  (piantities,  as,  e.  y.,  in  tlie  ligamentuni 
iiuclne  of  an  ox,  where  tlie  elastie  fibres  are  so  abundant  tliat 
white  fibrils  ean  liardlv  be  distiimiiished  amoim-  them.  This 

^ O O 

tissue  may  be  a part  of  an  organ  [e.  g.,  in  the  blood-vessels),  or 
it  may  inake  up  a whole  organ  by  itself,  as  in  the  ligamentuni 
nuehöe  and  lio'amentum  intererurale.  The  thiekness  of  elastie 
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fibres  varies  eonsiderably  froni  a fraetion  of  a y.  to  more  than 
10  y.  They  offen  eross  and  form  a network  with  meshes  of 
laro;e  size.  The  fibres  have  a eonsiderable  deo;ree  of  elastieitv, 
and  are  usuallv  e\dindrieal  and  arraimed  often  in  bands.  If 
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su(*h  hat  bands  fuse  with  one  anotlier,  there  is  formed  an  elastie 
membrane,  whieh  may  jiresent  small  openings  or  Windows,  from 
whieh  is  derived  the  name  of  the  fenestrated  inemhraue , whieh 
is  present  in  medium-sized  arteries  (see  below). 

AVhen  elastie  tissue  is  boiled  in  eoneentrated  HCl,  it  disinte- 
grates  in  sueh  a way  that  the  fibrils  are  partially  dissolved. 
Aeeording  to  Mall,  the  interior  of  the  fibril  dissolves  first  and 
leaves  a membrane  intaet.  This  is  ealled  the  meudrrane  of 
Sehwalhe.  Sonietinies  a fibrillär  strueture  ean  be  made  out  in 
these  membranes,  indieating  that  they  are  probably  made  up 
of  more  than  one  substanee.  The  interior  of  the  fibre  stains 
intensely  with  magenta,  while  the  membrane  remains  uneolored. 

The  fenestrated  membrane  of  Heule  may  be  isolated,  aeeord- 
ing to  jMall,  by  boiling  in  aeetie  aeid  or  potassium  hydroxide. 
The  eharaeteristie  openings  are  found  in  a stained  preparation 
to  be  eovered  with  a delieate  membrane.  It  is  thus  made  up  of 
three  layers,  an  upper  and  a lower  transparent  membrane,  in 
whieh  there  are  no  openings,  and  a middle  layer,  whieh  may  be 
eolored  deeply  with  magenta,  and  in  whieh  there  are  open 
spaees.  The  two  eolorless  layers  eorrespond  with  the  niern- 
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braue  of  tlie  ßbre,  and  tbe  central  layer  witli  its  interior.  lor 
a detailed  discussion  of  tlie  reactions  of  elastic  tissne  tbe  reader 
is  referred  to  Malbs  work. 

(e)  Reticuliim. — Tliis  is  tbe  name  given  by  Mall  to  a tissne 
making  up  tbe  frainework  of  inany  glands  and  organs.  Jt  is 
fonnd  nsually  in  tbe  form  of  a network  ot  inteidacing  fibres 
wbicb  are  in  no  way  connected  witli  tbe  connective-tissue  cells. 
Since  tbis  tissne  caii  be  distingnisbed  from  elastic  tissne  and 
wbite  fibrons  connective  tissne  by  ineans  of  its  cbernical  prop- 
erties,  it  mnst  be  considered  by  itself 


Fig.  34. 


Reticulam  from  lymph  gland  of  dog,  staiued  witli  acid  fiudisiii  and  picric  acid  (Mall).  X 150. 


Reticnlnm  is  separated  from  yellow  elastic  tissne  by  tbe  fact 
tbat  it  is  not  digested  by  pancreatin  ; and  from  wbite  bbrons  tissne 
by  its  greater  power  of  resisting  tbe  action  of  varions  reagents. 
Wbite  fibrons  tissne  dissolves  in  boiling  IIOl  (0.5  per  cent.)  in 
one  minnte,  wbile  reticnlnm  in  tbe  sanie  solntion  remains  intact 
for  eigbteen  minntes  (Mall).  A similar  resistance  is  fonnd  in 
treatment  witb  a solntion  of  KOH.  Tliis  resistance,  bowever, 


IILSTOLOGY. 


is  appareiitly  soraewhat  variable,  for  Mall  has  found  in  the 
spieen  two  varieties  of  reticulum,  one  more  and  tlie  other  less 
capable  of  withstanding  tlie  aetioii  of  acids  and  alkalies.  On 
boiling,  reticulum  yields  a small  quantity  of  gelatin  and  a resi- 
Aue  reticidin.  The  latter  is  a compound  related  to  elastin 
and  gelatin.  The  gelatin  obtained  in  this  way  is  derived  prob- 
ably  from  white  fibrous  tissue  mixed  with  the  reticulum,  as  it  is 
impossible  to  obtaiii  the  latter  absolutely  pure. 

The  reticulum  of  a ly  mph  gland  is  shown  in  Fig.  34.  The 
lymphoid  cells  in  this  specimen  liave  been  shaken  out,  leaving 
only  the  framework  of  the  gland. 

Reticulum  is  distributed  widely  throughout  the  body,  and 
has  been  demonstrated  in  nianv  Organs.  In  the  liver  it  is 
identical  with  what  Oppel  has  described  as  Gitterfasern.”  In 
the  lymph  gland,  spieen,  adrenal,  intestine,  lung,  the  capsules 
of  many  Organs,  the  testis,  and  the  thyroid,  reticulum  has  been 
observed.  Eone,  cartilage,  and  the  entire  nervous  System  con- 
tain  no  reticulum.  In  the  pancreas,  thymus,  and  heart  there 
is  probably  very  little. 

(/)  Fat  tissue  may,  as  mentioned  above,  be  present  any- 
where  in  loose  connective  tissue.  It  appears  in  groups  of  cells 
of  the  kind  spoken  of  as  signet-ring  cells. 

Whether  in  the  development  of  fat  specific  cells  are  con- 
cerned,  is  not  definitely  known.  The  majority  of  authors  state 
that  it  can  be  formed  from  any  fixed  connective-tissue  cells. 
Others  Claim  that  it  is  only  plasma  cells,  or  cells  resembling 
these  that  have  the  power  of  collecting  tat  droplets  within  their 
protoplasm. 

The  very  beginning  of  fat  tissue,  the  so-called  primitive 
Organ  of  the  fat  lobule  (v.  K(illiker),  or  the  fat  germinal  layer 
(Toldt),  appears  in  the  form  of  grayish-red  masses,  which  consist 
in  each  case  of  round  membraneless  cells  with  clear  protoplasm, 
in  which  under  certain  conditions  fat  is  formed.  This  process 
begins  with  the  appearance  in  the  protoplasm  of  fine  small 
highly  refractive  globules  of  fat  which  flow  together.  By 
means  of  certain  reactions  (perosmic  acid,  which  turns  the  fat 
black  ; Sudan  III.,  which  stains  it  red,  and  cyanin,  blue)  we 
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ure  cible  to  recogiiize  the  smallest  droplets  oi  fat.  ihe  large 
globiile  wliicli  is  forined  by  tlie  coalescence  of  tlie  smaller  drop- 
lets iiicreases  in  size  iintil  it  fills  nearly  tlie  wliole  cell.  The 
nucleus  with  tlie  small  qiiaiitity  of  protoplasm  tliat  remaiiis  is 
puslied  to  tlie  peripliery  of  the  cell,  wliicli  is  now  kiiowri  as  a 
signet-ring  cell  (Figs.  oo,  o5).  The  cell  membraiie  tliickeiis 
and  holds  tlie  tat  witliin  it,  tlins  preventing  the  fat  globules 
from  runnino;  t02:etber.  The  cell  membrane  can  easily  be  seen 
in  fat  treated  witli  alcoliol,  etlier,  Chloroform,  or  etliereal  oils. 
By  tlie  acciimmnlation  of  fat  the  cells  niay  become  as  large  as 
130  g in  dianieter.  Fresli  fat  is  nsually  yellow  or  orange  in 
color,  but  is  of  different  tints  in  different  animals. 

After  deatli  gronps  of  needle-like  crystals  form  in  tlie  cells. 
These  consist  of  palmitic  and  stearic  acids,  tlie  so-called  mar- 
gar  in  crystals  (Fig.  35). 


Fig.  35. 


Fat  crystals 
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Fat  from  the  snhcutaneous  layer  of  the  skiii  of  a white  moiise.  X 200. 

Fat  is  arranged  cliaracteristically  in  round  lobnies  separated 
from  one  anotlier  by  fibrillär  connective  tissne,  wliicli  forms  a 
capsule  for  each  lobnle.  In  the  lobule,  bowever,  between  the 
cells  we  find  only  very  few  fibril  bundles.  Tlius  fat  is  merely 
a modified  fibrillär  connective  tissue,  in  wliicli  the  cells  are 
clianged  specifically,  and  the  fibrils  subserve  a subordinate  func- 
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tioii.  It  is  cliaracterized  by  a läeli  vascular  supply.  Eadi 
lobiile  eontains  a closed  blood  vascular  System.  An  artery 
enters  each  lobule,  and  breaks  up  into  a thick  capillary  network, 
vvliicli  gives  origin  nsually  to  two  veins.  Tliis  is  tbe  first  we 
liave  seen  of  tbe  so-called  blood  vascular  units,  of  wbich  mucli 
will  be  said  later  on.  The  fat,  as  will  be  observed,  is  made 
of  niany  lobules,  wbich,  as  far  as  the  blood-snpply  is  concerned, 
are  all  units  in  theniselves. 

For  many  interesting  points  in  connection  with  fatty  degen- 
eration  in  cells,  and  the  relation  of  fat  production  to  food,  the 
reader  is  refen’ed  to  works  on  ])athology  and  physiology. 

2.  Cartilage. 

Cartilage  is  distinguished  froni  the  connective  tissues  by  the 
hard  consistency  of  its  ground  substance  and  the  characteristic 
appearance  of  the  cells.  It  for  ms  a transition  between  con- 
nective tissue  and  bone. 

On  boiling,  cartilage  gives  chondriiij  which  is  not  identical 
with  glutin.  For  the  proj)erties  and  Chemical  composition  of 
this  the  i-eader  is  referi’ed  to  works  on  physiological  chemistry. 

The  SU r face  of  cartilage  is,  with  the  exception  of  places  where 
it  lies  direct Iv  on  the  bone  or  forms  articular  surfaces,  covered 
by  a sheath  of  fibrillai*  connective  tissue,  the  perichondrmm. 
This  eontains  the  blood-vessels,  and  tlius  plays  an  important 
part  in  the  nourishment,  the  growtli,  and  new  formation  of 
cartila2;e.  Accoialino;  to  the  different  character  of  the  inter- 
cellular  substance,  we  distinguish  three  kinds  of  cartilages : 

(a)  Hyaline  cartilage ; 

{b)  Elastic  cartilage ; 

(c)  Fibi'ous  cartilage. 

The  cells  of  these  three  kinds  of  cartilage  are  in  general  simi- 
lar.  We  shall  therefore  describe  the  cells  of  hyaline  cartilage 
onlv. 

{(i)  Hyaline  Cartilage. — The  cells  are  round  or  oval,  and 
often  arranged  in  groups  (Eig.  36).  When  they  lie  near  one 
another  they  are  pressed  together,  so  that  adjacent  sides  are 
flattened.  The  protoplasm  is  finely  granulär,  and  eontains  in 
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die  middle  of  tlie  cell  a large  clear  vesiciilar  riiicleus  widi  a dis- 
diict  luiclear  membrane,  and  one  or  more  niicleoli.  Tliere  ai*e 
seldoin  fouiid  two  luiclei  in  one  cell.  Olten  tlie  protoplasni 
contains  lat  and  glycogen  droplets.  The  presence  of  tlie  first  is 
easily  denionstrated  by  perosmic  acid,  whicli  tnrns  tlie  lat  black. 
The  second  may  be  shown  by  treatment  with  iodine  solntion, 
which  stains  the  glycogen  brovvnish  red.  Pigment  graniiles  are 
seldoin  foiiiid  in  cartihme. 

In  the  more  superficial  layers  the  cells  are  nsnally  more  flat- 
tened,  spindle-shaped,  and  smaller  tlian  the  cells  of  the  deeper 
layers.  They  are  on  the  outer  snrface  arranged  in  parallel 
rows.  In  sorne  animals  the  cell  body  sends  out  processes,  and 
has  a stellate  appearance  like  a bone  cell.  This  is  seen  mainly 


Fig.  ot). 
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Hyaline  cartilage.  From  a section  tlirough  the  thyroid  cartilage  of  the  cat.  X 190. 


in  the  lower  animals  (cephalopods,  selachians),  and  only  in  a 
few  places  in  some  maramals.  It  is  noticed  also  in  pathological 
new  formations  (endochondroniata).  Cartilage  cells  vary  from 
3 to  30  u in  diameter.  They  increase  nsnally  by  indirect  di  Vi- 
sion, but  direct  division  has  also  been  observed. 

The  ground  substance  in  the  cartilage  of  higher  animals  is 
very  abundant.  If  we  examine  a thin  section  of  fresh  hyaline 
cartilage,  we  notice  that  the  ground  substance  appears  quite 
homogeneous  and  struct ureiess,  and  contains  the  so-called  carti- 
lage spaces.  Sorae  time  after  death,  however,  and  in  cartilage 
treated  with  reagents  (e.  g.,  water),  the  cells  shrink  and  between 
them  and  the  bonndaries  of  the  spaces  there  appears  an  emptv 
area  which  allows  the  outlines  of  the  cells  to  be  plainly  made 
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out.  Tlie  form  of  tlie  cells  correspoiuls  accurately  witli  tliat  of 
tlie  spaces.  lii  the  preparatioii  of  tlie  section  the  cells  ofteii 
fall  out,  leaviiig  the  spaces  empty.  The  part  of  the  ground 
substaiice  immediately  ai'oimd  the  cell  is  highly  refractive  and 
has  a special  affinity  for  certaiii  stains.  This  is  the  so-called 
cartilage  capsule,  and  forins  a boundary  for  the  cartilage  spaces, 
eontaining  the  cells.  The  cells  have  in  the  beginning  definite 
cell  meinbranes,  which  becoine  thicker  and  firmer,  and  give  rise 
to  the  intercelhilar  substance.  The  ground  substance,  then,  is 
a differentiated  product  of  the  cell  protoplasm,  and  the  most 
lately  formed  ground  substance  is  nearest  the  cells.  The  cap- 
sule shows  often  a concentric  markin«:. 

o 

Inside  the  capsiile  tliere  are  often  seen  two  cells,  tlie  result 
of  a division.  Eacli  of  tliese  cells  for  ms  a new  capsule  around 
itself,  which  fuses  with  the  capsule  of  the  mother  cell.  As  many 
as  foLir  or  eight  cells  inay  be  seen  in  one  capsule,  forming  a cell 
group  or  family.  Tliese  are  separated  only  by  a homogeneous 
thin  wall.  There  is  in  the  foriiiation  of  so  large  a group  an 
absorption  of  the  inner  layers  of  the  capsule,  in  Order  to  make 
room  for  the  cells.  Such  cell  division  inside  a firm  capsule  we 
call  endogenoiis  cell  formation. 

The  growtli  of  cartilage  takes  place  by  an  increase  in  the 
number  of  cells  and  a fiirther  differentiation  of  new  ground  sub- 
stance. These  two  processes  we  call  mterstitial  growtli.  On 
the  surface  the  increase  of  cartilage  takes  place  by  the  so-called 
appositional  growtli,  by  which  new  layers  of  cartilage  are  formed 
from  the  perichondrium.  The  interstitial  growtli  takes  place 
mainly  in  young  cartilage. 

The  capsules  are  stained  deeply,  as  above  mentioned,  by  such 
dyes  as  color  mucin,  while  the  rest  of  the  ground  substance 
remains  unstained.  The  capsule  possesses  also  a great  resistance 
to  the  action  of  chromic  acid  and  hydrochloric  acid.  By  macera- 
tion  in  tliese  fluids  the  «ground  substance  is  dissolved  and  the 

O 

cartilage  capsules  remain  for  a time  unchanged. 

That  the  ground  substance  is  only  apparently  structureless 
can  be  shown  by  the  action  of  certain  reagents  {e.  g.,  potassium 
permanganate,  10  per  cent.  salt  solution,  trypsin,  baryta- 
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an  lime-water).  In  such  preparations  we  see  that  it  contaiiis 
ßbrils,  running  usually  in  parallel  lines  and  only  excep- 
tionally  Crossing  one  another.  That  they  are  not  seen  in  the 
livin«:  tissue  is  due  to  the  fact  that  their  refractive  index  is 

O 

nearly  equal  to  that  of  the  suhstance  in  which  they  live.  The 


rea2:ents  cause  chaiui;es  which  niake  the  difference  between  them 
greater.  Viewed  with  polarized  light  also,  the  fibrils  inay  be 
denionstrated. 


It  is  to  be  assumed  that  the  nietabolisin  in  cartilage  is  not 
active,  because  in  higher  animals  there  is  only  exceptionally 
any  vascular  supply  to  the  tissne,  and  no  visible  canal  System 
can  be  made  out  in  which  nourishing  ßuids  could  circulate.  In 
lower  animals,  however,  canals  can  readily  be  recognized  with- 
out  the  use  of  reagents.  These  join  the  cartilage  spaces  with 
one  another,  and  form  a System  by  which  nourishing  materials 
may  pass  from  one  part  of  the  tissue  to  another.  Certain 
authors  (Spina,  Budge,  Wolters,  etc.)  have  demonstrated  canals 
by  means  of  special  staining  methods.  These  methods,  how- 
ever, involve  the  use  of  materials  {e.  g.,  water,  alcohol,  ether, 
etc.)  which  cause  shrinkage  of  cartilage,  and  it  is  possible  that 
the  results  obtained  are  artifacts.  Similarly  it  is  difficult 
to  say  what  parts  take  up  the  staining  materials.  It  is  possible 
that  the  fibrils  present  in  the  ground  substance  act  as  paths  for 
the  conduction  of  fluids  from  one  part  to  another.  In  spite  of 
numerous  recent  investigations  on  the  subject,  the  problems 
concerning  canals  in  cartilage  are  still  unsolved. 

Cartilage  possesses  usually  no  blood-vessels.  Only  rarely, 
and  in  places  where  active  growth  or  ossification  is  2:oiiur  on, 
are  they  present.  The  connective  tissue  and  wandering  cells 
accompanying  the  vessels  are  known  as  the  cartilage  marrow. 

The  perichondrium  consists  of  white  connective- tissue  fibrils, 
with  only  a very  few  elastic  fibrils.  These  are  arranged  in 
bundles  which  cross  in  different  directions.  The  superficial 
layers  of  cartilage  usually  pass  over  without  sharp  boundaries 
into  the  perichondrium.  This  contains  blood-vessels  which, 
linder  such  conditions  as  are  mentioned  above,  mav  irrow  into 
tlie  cartilage.  Düring  appositional  growth  the  connective-tissne 
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fibrils  of  the  pericliondriiim  cliange  into  the  ground  substance 
ot  tlie  cartilage  and  the  coiinective-tissue  cells  into  cartilage 
cells.  ibe  ground  snbstance  iindergoes,  in  age,  senile  ehanges, 
such  as  the  so-called  asbestos  chamje,  calcification,  and  hone 
fonnation. 

The  lirst  ehange,  which  inay  be  reeognized  by  the  naked 
eye,  })rodnees  in  the  eartilage  areas  which  have  soinewhat  the 
appearanee  ot  asbestos.  Tlie  process  nsnally  begins  in  the 
ground  snbstance  by  a production  of  tibres  arranged  in  parallel 
lines.  These  have  nothing  to  do  witli  the  essential  fibrillär 
structnre  ot  the  ground  snbstance.  They  appear  first  at  a 
distanee  troin  the  capsules,  and  proceed  on  every  side  toward 
these,  which  also  in  time  sutter  ehange.  They  spread  slowly 
over  tlie  whole  eartilage,  and  give  it  a wliite  appearanee.  The 
tibres  do  not  swell  np  in  acetic  acid,  bnt  dissolve  in  dilute  Solu- 
tions ot  sodiuin  livdroxide  and  on  boiliiu>\ 

o 

Calcificatwn,  on  the  other  hand,  begins  with  the  deposition 
of  granules  of  calcium  carbonate  in  the  ground  snbstance  in  the 
neighborhood  of  the  capsnies.  This  spreads  throughout  the 
ground  snbstance,  and  appears  white  in  reflected  light  and 
black  in  transmitted  liglit.  The  2:ranules  dissolve  in  hvdro- 
chloric  acid,  giving  rise  to  bubbles  of  carbon  dioxide.  This 
ehange  takes  ]ilace  especially  in  the  laryngeal,  tracheal,  and 
costal  cartilages,  wliich  become  in  consequence  opaque  and 
hard. 

Ossißcation  of  cartilage  takes  place  as  age  advances.  Its 
first  stasfe  is  niarked  bv  an  ino'rowth  of  blood-vessels  from  the 

O o 

perichondrinm  (see  Bone  Development). 

H valine  cartihme  is  fonnd  tem])orarilv  in  embrvos  in  places 
where  bone  is  to  be  formed.  Permanently  it  occurs  in  the 
epipliyses  and  the  joint  cartilages.  Also,  it  forms  a large  part 
of  the  laryngeal,  tracheal,  and  bronchial  cartilages.  It  is 
fonnd  in  the  nose,  the  ribs,  and  in  all  syrnphyses  and  synchon- 
d roses. 

{b)  Elastic  Cartilage. — Here  the  ground  snbstance  contains 
a 2:reater  or  smaller  number  of  elastic  fibres,  which  varv  2;reatlv 
in  thickness  and  show  a marked  tendency  to  brauch  and  form 
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tietworks  (Fig.  37).  By  means  of  specific  staiiiiiig  reactioris  tlie 
elastic  fibres  caii  plaiiily  be  deiiioiistrated.  Tliey  give  to  the 
fresli  cartilage  a less  transparent  appearance,  and  cause  it  to 
have  a sligbtly  yellow  color,  by  wliich  it  niay  be  distingnislied 
by  tlie  naked  eye  froin  hyaline  cartilage.  The  elastic  fibres 
pass  over  into  the  pericliondrinni  at  tlie  border  of  the  cartilage. 

The  development  of  elastic  fibres  in  cartilage  bas  been 
spoken  of  in  describing  tlieir  origin  in  connective  tissue. 

Fig.  37. 


Cartilage  cell 


Elastic  fibres- 


Elastic  cartilage  from  the  human  ear.  X 570. 

Elastic  cartilage  is  found  in  the  outer  ear,  in  the  Enstachian 
tube,  and  the  sesainoid  cartilages.  It  is  found  also  in  portions 
of  the  laryngeal  cartilages  ; the  epiglottis,  processus  vocales  of 
the  arytaenoid  cartilages,  the  cuneiforin  and  corniculate  carti- 
lages. 

(c)  White  Fibrous  Cartilage. — Here  we  find  in  a small  quan- 
tity  of  ground  substance  bundles  of  collagen-prodiicing  fibrils, 
which  are  arranged  in  parallel  and  sligbtly  wavy  lines.  The 
homogeneous  ground  substance  is  very  small  in  quantity  and 
usually  reduced  to  only  that  which  forms  the  capsnies  around 
the  cells.  The  cells  themselves  are  not  numerous,  and  have  a. 


74 


lUSTOLOGY. 


teiidency  to  arrange  themselves  in  groups  (Fig.  38).  This 
cartilage  occurs  in  tlie  nucleus  gelatinosus  of  the  intervertebral 
ligaments,  in  tlie  syinpliysis  ossium  pubis,  in  the  interarticular 


Nucleus  of 
cartilage  cell  ' 

Capsule^- 


Fibril  bnndles- 


Fibrous  cartilage  from  the  ligamentum  teres  femoris  of  a dog.  X 570.  . 

eartilages,  and  in  the  place  of  insertion  of  tlie  ligamentum  teres 
femoris. 

3.  Bone. 

Like  other  supjiorting  tissues,  bone  possesses  a large  pro- 
portion  of  intercellular  substance.  The  mineral  constituents 
(calcium  salts),  which  are  connected  closely  with  the  organic 
parts  knovvn  as  ossein,  produce  the  characteristic  hardness  of 
bone. 

By  so-called  decalcification  we  are  able  to  dissolve  away 
all  the  calcium  salts  and  leave  only  the  organic  framework 
which  shows  the  structure  of  bone  completely.  On  the  other 
hand,  we  can,  by  heating  the  bone  (calci nation),  destroy  the 
organic  constituents,  and  leave  a skeleton  which  consists  of  salts 
and  likewise  presents  an  exact  picture  of  the  bone  structure. 
ln  this  way  it  is  possible  to  study  the  finer  architecture  of 
bone  equally  well  in  decalcified  or  in  dried  specimens. 

We  distinguish  compact  and  spongy  bone  substance,  the 
former  being  dense  and  firm,  the  latter  resembling  the  skeleton 
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Fig.  39. — f’roin  a j^rouiul  longitudinal  sectioii  tlirougli  the  diapliysis  of  tFe  human 
ulna.  All  canals  arc  tilled  witli  iiignient,  which  is  here  V)lack.  Haversian  canals  are  cut 
longitudinally.  X 90. 


PLATE  V 


- *c-  - r* ^ L.^ 


"*^  ji^  ••  .’«'"  V'  ^-',' 

•■%  ( f\  1^.  >‘  ^ **?^s  '^/•■■'  >*fc.  ri 


s^nrac^. 


*v*>  ' 

’4t# 

t-  ~ 

Fig.  40. — From  a ground  cross-sectioii  of  the  diai)liysis  of  tlie  luinuin  metatarsus  : (a) 
outer  ground  laniellffi  ; (h)  iiuier  ground  lainelhe;  (c)  Haversian  lainell»  ; (d)  interstitial 
lainellaj.  All  canals  and  bone  cavities  are  ülled  witli  coloring-matter  and  appear  black. 
X 00. 
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of  ci  spoiige.  Tlie  diapliyses  of  loiig  boiies  as  well  as  the  outer 
pai’ts  of  small  and  flat  bones  consist  ol  coiii})act  boiie  substance, 
wliile  the  epipliyses  of  long  bones  and  tlie  middle  of  short  and 

flat  bones  are  made  np  of  spongy  bone. 

If  we  exaniine  a longitudinal  section  of  a bone  which  has 
beeil  for  some  time  macerated,  we  observe  with  low  magniflca- 
tion  broad  canals  which  run  more  or  less  parallel  to  the  longi- 
tudinal axis  (Fig.  39).  These  are  connected  by  transverse 
canals,  and  form  altogether  a complete  canal  System,  ihese 
so-called  Haversiari  canals  are  in  macerated  bone  empty,  because 
the  blood-vessels  which  they  contain  in  life  have  been  dissolved 
by  the  macerating  fluids. 

Everywhere  in  the  ground  substance  there  are  spaces,  the 
so-called  bone  lacunoe,  in  which  before  maceration  the  hone  cells 
are  contained.  These  are  arranged  in  rows  which  are  more 
or  less  parallel  with  the  Haversian  canals. 

On  examination  of  a cross-section  of  bone  (Fig.  40),  we 
notice  that  the  Haversian  canals  are  round  and  the  transverse 
canals  are  cut  longitudinallv.  Around  the  Haversian  canals 
the  bone  lacume  are  arranged  in  concentiac  rows.  With 
higher  magnification  the  ground  substance  is  seen  to  be 
made  up  of  lamellse  lying  in  groups  at  various  angles  to  one 
another.  In  compact  bone  we  may  distinguish  several  kinds 
of  lamellse  : 

1.  Special  lamellse  of  the  Haversian  Systems,  or  Haversian 
lamellce,  are  those  arranged  concentrically  around  the  Haversian 
canals.  All  those  lying  about  one  Haversian  canal  make  up 
what  is  known  'as  an  Haversian  System  of  lameUae.  The  num- 
ber  of  lamellse  in  a System  may  vary  from  three  to  twenty  or 
more,  although  it  is  usually  from  eight  to  fifteen. 

2.  Interstitial  or  mtermediary  lamellce  are  those  which  All  up 
the  s[)aces  between  adjacent  Haversian  Systems.  These  are 
divided  into  real  interstitial  lamellse,  which  are  formed  from 
the  periosteum  and  run  in  the  same  direction  as  the  outer 
ground  lamella3 ; imA  false  interstitial  lamellse,  which  are  merely 
remains  of  Haversian  Systems  that  have  been  destroyed  (see 
Bkeletal  System). 
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3.  Older  ground  lamellce  form  tlie  outer  layer«  of  tlie  boiie, 
and  are  situated  directly  under  tlie  periosteum. 

4.  Inner  ground  lamellce  form  tlie  boiuidaries  of  tlie  med- 
ullary  eavity  and  are  arranged  concentrically  around  it. 

The  outer  ground  lamell^  are  in  places  pierced  by  canals 
wliicli  carry  blood-vessels  from  tlie  periosteum.  These  are 
known  as  Volkmamd s canals. 

All  these  Systems  of  laniellse  are  joined  with  one  another 
by  a cenient  substance.  If  this  is  abundant,  it  fornis  the  so- 
called  cement  lines  of  v.  Ebner,  which  separate  the  acljacent 
Systems  (Figs.  41  and  42). 

The  structure  of  the  intercellular  substance  (ground  sub- 
stance) is  fibrillär.  These  fibrils,  which  are  capable  of  produc- 
ing  gelatin,  are  joined  into  bundles  by  nieaiis  of  homogeneous 
interfibrillar  cement  substance.  The  bundles  are  joined  in 
turn  bv  interfascicular  cement  substance.  The  fibril  bundles 
run  parallel  to  one  another  and  make  up  the  lamellae.  These 
are  often  so  arranged  that  the  bundles  of  adjacent  laniellae  lie 
at  right  angles  to  one  another.  An  example  of  this  is  shown 
in  a cross-section  of  the  comjiact  substance  of  a long  bone 
(Fig.  41).  The  longitudinal  fibril  bundles  are  cut  transversely, 
while  those  in  the  adjacent  lamellae  ninning  concentrically  are 
cut  longitudinallv.  On  exaniination  with  i)olarized  light  it  is 
found  that  the  bundles  which  are  cut  longitudinally  are  doubly 
refractive,  while  those  that  run  concentrically  around  the 
Haversian  canal  are  singlv  refractive.  4 hus  in  the  Crossing 
of  Nicol’s  prisms  the  former  appear  black  and  the  latter  light 
(Figs.  41  and  42). 

This  lamellated  intercellular  substance  is  found  in  all  adult 
bones.  The  ground  substance  with  coarser  fibres  is  found 
mainly  in  embryos  or  only  in  special  places  in  adults  {e.  g.,  in 
the  points  of  insei’tion  of  tendons). 

In  the  intercellular  substance  we  find  bundles  of  connective- 
tissue  fibrils  which  are  quite  independent  of  the  lamellar  fibrils. 
They  pass  through  the  lamellae  from  tlie  periosteum  trans- 
versely or  diagonallv  (Fig.  41).  These  are  known  as  Sharpey\^ 
fih  res,  and  remain  only  partially  or  not  at  all  calcified.  They 
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are  fouiid  in  tlie  oiiter  ground  Uunella?  and  in 
stitial  lamellie — i.  e.,  in  all  lamellöe  wliicli  are 


tlie  trne  inter- 
formed  from  tlie 


Fig.  41. 
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F'igs.  41,  42. — Ground  cross-sectioii  througli  the  diaphysis  of  the  luiman  ulna  viewed  with 

polarized  liglit.  X 170. 

The  entire  Haversian  lamellar  System,  together  with  the  neighhoring  iiiterstitial  and 
Haversian  lamellse,  is  shown.  In  the  centre  is  the  Haversian  canal.  Around  this  are 
lamellsB  which  contain  hone  spaces.  Betw'een  the  adjacent  Systems  are  to  he  seen  cement 
lines.  The  dark  diagonal  lines  at  the  lower  right  side  of  Fig.  41  represent  Sharpey’s  fibres. 
Fig.  41,  with  uncrossed  ; Fig.  42,  with  crossed  Nicol’s  prisms. 

The  dark  cross  in  Fig.  42  is  an  a]4])earance  caused  by  the  ])olarization. 

periosteum.  We  find  tliem  also  in  large  qnantities  in  tlie 
laniellse  containing  coarse  fibres,  spoken  of  above. 

The  nncalcified  Sharpey’s  fibres  are  destroyed  in  macerating 
fiuids,  and  also  in  dried  specimens.  From  the  periosteum  there 
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ofteil  riiii  elastic  fibres  to  tlie  laiiielhited  boiie  siibstance.  These 
may  coiiibiiie  witli  tlie  Sliarpey’s  fibres  or  remaiii  iiidependenU 
hl  tlie  intercelliilar  substaiice  there  are  small  sjiaces  (13-81  ^ 
loiig,  G—lBi-L  wide,  4-1)  deep).  These  bo?ie  laciinw  or  bone 
cavities  (formerly  ineorrectly  called  bone  corpiiscles)  lie,  as  a 
rille,  amoiig  the  loiigitiidiiially  disposed  lamellar  fibres.  Their 
shape  is  variable,  and  is  dependeiit  oii  the  directioii  of  the  sec- 
tioii  studied.  They  possess  iiumeroiis  very  fine  processes,  the 


Fic4.  43. 


From  a section  through  the  bone  of  a roebuck.  The  bone  cavities  are  seen  from  above, 
and  are  filled  witb  coloring-inatter.  In  i)laces  small  dots  are  visible,  wbicb  represent  the 
cross-sections  of  bone  canalicnli.  X 850. 


S0“Called  primitive  tiibnles  or  hone  canaliculi,  by  means  of  which 
not  only  adjaeent,  but  also  distant  lacunm,  are  placed  in  com- 
munication  with  one  another.  The  lacnme  lying  near  Haver- 
sian  canals,  the  medullary  cavity,  or  the  surface  of  the  bone, 
send  canalicnli  which  enter  tlie  canals  or  the  medullary  cavity, 
or  open  out  under  the  periosteiim  at  the  surface  of  the  bone. 
In  this  way  there  is  an  anastomosis  not  only  between  all  the 
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bone  lacunae,  bat  also  betweeri  these  and  all  the  cavities  which 
carry  nourisinng  material  in  the  bone.  This  wliole  canul  Sys- 
tem can  be  denionstrated  by  filling  it  witli  colored  rnaterials 
(Figs.  43  and  44).  The  part  of  the  ground  snbstance  irnme- 
diately  surrounding  the  lacunae  is  more  resistant  toward  re- 
agents  than  elsewhere.  By  the  action  of  concentrated  acids,  a 
preparation  showing  merely  the  canal  System  can  be  obtained, 
for  the  whole  intercellular  snbstance,  with  the  exception  of  a 


Fig.  44. 


From  a section  through  the  boue  of  a roebuck.  The  bone  cavities  are  seen  from  the 

side.  X 8ö0. 

very  thin  layer  lining  the  cavities,  is  dissolved.  If  a section  is 
cut  so  that  the  lacunae  can  be  looked  into  from  above,  small 
openings  can  be  seen  which  represent  the  mouths  of  the  small 
canals  or  processes  (Fig.  43). 

In  these  lacunae  lie  the  bo7ie  cells.  These  are  membraneiess 
cells,  each  of  which  fills  the  whole  cavity.  Their  form  corre- 
sponds  with  the  cavities  in  which  they  are  situated.  In  prepa- 
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ratioiis  inade  by  treatineiit  witli  strong  acids,  the  cells  are 
usiially  sliruukeii  away  from  tbe  walls  of  tlie  cavities.  Tliey 
are  stellate,  sending  out  processes  into  tlie  bone  canaliculi.  ln 
the  lower  animals  the  processes  of  neighboririg  cells  anastoniose, 
and  also  during  the  development  of  higher  vertebrates  the  cells 
join  with  one  another  in  the  canaliculi.  It  is,  however,  certain 
that  in  adult  individuals  of  the  higher  animals  and  man  there 
is  110  such  cell  combination. 

Spongy  hone  substance  has  a quite  similar  minute  structure, 
as  has  been  described  for  compact  bone.  Its  ground  substance 
has  a fibrillär  structure  and  contains  bone  lacume.  There  are, 
however,  no  Haversian  canals  and  no  lamellar  Systems.  The 
layer  niasses  of  this  tissue  show  a lamellar  structure,  of  which 
the  lamellse  lie  parallel  to  the  broad  surface  of  the  mass. 

Other  subjects  in  this  connection,  such  as  the  vascularization 
and  development  of  bone,  are  treated  of  in  the  section  on  the 
Skeletal  Svstem. 

m.  MUSCLE. 

This  tissue  is  characterized  by  a marked  contractility  of  the 
protoplasm.  The  power  of  contracting  on  Stimulation  from 
without  is  possessed  by  all  jirotoplasm  to  a certain  degree,  but 
in  muscle  the  contraction  takes  place  mainly  in  one  axis  of  the 
cell.  According  as  the  contraction  is  un der  the  control  of  the 
will  or  not,  we  distinguish  volujitary  and  involuntary  muscle 
tissue.  This  is  a phvsiological  Classification,  but  there  are 
structural  differences  which  allow  the  same  division  to  be  used 
histolo^ically.  It  is,  however,  perhaps  better  to  divide  the 
tissues  into  groups  on  an  entirely  histological  basis,  speaking 
of:  l.smooth  mmcle  ; 2,  heari  muscle  ; i\\u\'d,vohmtary  striaied 

muscle. 

All  muscle  cells  contain  one  or  more  nuclei  and  protoplasm 
with  a more  or  less  highly  differentiated  structure.  There  may 
or  may  not  be  a cell  membrane,  and  the  cells  are  united  by 
only  a small  quantity  of  cement  substance.  In  the  protoplasm 
there  are  usually  to  be  found  fibrils  which  may  be  regarded 
as  differentiations  in  one  direction  of  the  primitive  network  of 
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tlie  protoplasm.  Tliey  are  associated  with  tlie  power  ol  coii- 
tractility  possessed  by  tlie  cells. 


1.  Smooth  Muscle. 

Tliis  tissue  consists  of  spiiidle-sliaped  cells,  usually  50-200 
long  and  4-7  fx  thick  (Fig.  45).  In  tlie  pregnant  uterns  tliey 
may  be  as  iiincli  as  500  in  lengtli.  Tliey  do  not  possess  a 
true  cell  mein  braue.  In  tlie  middle  of  tlie  cell,  at  its  tliickest 


Fio.  45. 


Four  smootli  muscle  cells  from  the  stomach  of  a frog,  isolated  in  33  per  cent.  KOH. 
In  the  centre  of  each  cell  lies  an  oval  nucleus,  at  either  end  of  which  tbere  is  a collection 
of  granulär  protoplasm.  X 400. 


part,  tbere  is  an  oval  rod-sliaped  nucleus,  rounded  at  tlie 
ends  and  containing  one  or  more  nucleoli.  The  nucleus  is 
surrounded  at  both  ends  by  granulär  protoplasm.  In  tlie 
protoplasm  tbere  can  be  made  ont  a number  of  fibrils  run- 
ning  longitudinally.  These  are  seen  more  distinctly  in  tlie 

Fig.  46. 


Nucleus- 


Intercellular 
bridges 

Longitudinal  section  of  the  muscle  layer  of  a dog’s  large  intestine.  X 530. 

lower  animals.  The  differentiated  fibrils  are  doubly  refractive, 

and  lie  in  the  iindifferentiated  sarcoplasm. 

The  smooth  muscle  cells  usually  lie  dose  together  in  groups, 

which  may  be  combined  to  form  definite  layers,  as  is  seen  on 

the  muscular  coats  of  the  intestine.  In  cross-section  the  cells 

appear  as  polygonal  or  round  areas  of  unequal  size,  on  account 
6 


82 


IIISTOLOUY. 


ot  tlie  tact  that  the  sectioii  j>asses  tlirougli  different  parts  of  tlie 
spindle-sliaped  cells  (Fig.  47).  The  smaller  areas  contaiii  jio 
iiucleus,  because  they  are  sections  of  tlie  small  ends  of  tlie  cells. 


Fig.  47. 


('ross-section  of  smooth  niusde  from  a dog  s large  iutestiiie.  a,  cell  cut  at  level  of  nucleus  ; 
cell  cut  uear  the  eud  ; c,  nucleus  of  connective-tissue  cell.  X 800. 


The  cells  are  joined  together  by  a small  qiiaiitity  of  cemeiit 
substaiice.  Intercelliilar  bridges  are  also  often  to  be  made  out 
passing  across  the  cemeiit  substance  (Figs.  46  and  48)  (Kults- 


Fig.  48. 


Cross-section  of  smooth  luuscle  of  a dog’s  large  lutestine,  showing  intercellular  bridges. 
«,  cell  cut  at  level  of  nucleus;  h,  cell  cut  near  the  end  ; d,  intercellular  bridges.  X 800. 


chitzsky,  Barfurth).  The  presence  of  protoplasmic  bridges  in 
smooth  muscle  is  doubted  by  other  authors  (Schaffer,  J.).  The 
cells  raay  be  separated  by  maceration  in  dilute  Solutions  of  potas- 
sium  or  sodiuni  hydroxide.  Between  the  groups  of  cells  are 
found  blood-vessels  and  nerves  imbedded  in  connective  tissue. 
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Tliis  tissue  is  fouiid  in  tlie  walls  of  tlie  alimentary  tract,  in 
the  respiratory,  urinary,  and  sexual  Organs,  in  tlie  vessel  walls, 
in  many  glands,  and  in  the  skin. 


Two  heart  muscle  cells  froni  the  frog,  isolated  in  KOH.  In  the  upper  cell  one  nucleus 
is  to  he  seen,  in  the  lower  cell  two.  At  the  ends  of  the  nuclei  the  granulär  sarcoplasm  is 
collected.  X 700. 


2.  Heart  Muscle. 

Tliis  has  a place  midway  between  smootli  nuiscle  and  volnn- 
tary  striated  muscle.  It  might  be  called  involuntary  striated 
muscle.  In  hio;lier  animals  it  consists  of  short  rhomboidal  or 
cylindrical  cells  joined  together  end  to  end  by  means  of  a 
cement  substance,  which  may  be  dissolved  in  alkalies  and  nitric 
acid.  The  cells  usually  are  branched,  as  shown  in  Fig.  50. 

Fig.  50. 

substance 


Nucleus 


From  a longitudinal  section  through  human  heart  muscle.  Two  entire  cells  are  to  be  seen. 

The  right  one  hranches.  X öOO. 

They  possess  no  cell  membrane.  In  the  middle  of  the  cell 
there  is  usually  one  nucleus,  although  there  may  he  as  many  as 
three  or  four.  This  nucleus  is  oval,  vesicular,  and  surrounded 
by  a mass  of  undifferentiated  protoplasm,  in  which  there  is 
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foimcl  more  or  less  graimlai-  brown  pigment.  This  pigment 
iiicreases  witli  age  (Fig.  <51). 

The  cell  siibstaiice  sliows  darkly  staiiied  columiis,  whicli  run 
jiarallel  to  tlie  long  axis  of  tlie  cell,  and  are  separated  by 
unstained  substance.  These  columns  are  commonly  spoken  of 
as  ßbril  hundles,  and  correspond  witli  wliat  v.  Kölliker  has 
called  ‘‘  Muskelsäiilclien.”  The  unstained  siibstance  is  generally 
known  as  sarmplasm. 

Caretui  observation  and  certain  special  methods  of  staining 
reveal  a.  definite  relation  between  these  two  parts  of  the  cell 
(J.  B.  MacCalluin).  The  fibril  bundles  are  striated  like  those  of 
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Froin  !i  cross-section  througli  Iniman  lieart  iniiscle.  X SOO. 

voluntarv  muscle,  showiiur  alternatino:  li«:ht  and  dark  bands. 
In  the  centre  of  the  light  band  is  a narrow  deeply  staining 
striation,  known  as  Krausds  membrane  (Zwischenscheibe  of 
German  writers).  The  broader  dark  band  is  called  Brüche' s 
line,  of  doubly  refractive  substance  (Querscheibe).  In  thin 
sections,  especially  those  stained  by  Kolossow’s  niethod,  the 
Krause’s  inembranes  are  seen  to  belong  to  the  sarcoplasm  as 
w^ell  as  to  the  fibril  bundles.  This  is  shown  in  Fig.  52.  The 
sarcoplasm  is  divided  into  distinct  disks  by  inembranes,  which 
horizontally  are  continuous  with  the  Krause’s  inembranes  of 
the  fibril  bundles.  There  may  be  more  than  one  of  these  disks 
lietween  two  adjacent  fibril  bundles  (Fig.  52,  A),  and  at  the 
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ceiitre  of  tlie  cell  tlie  periiiiiclear  sarcoplasm  is  iiiade  up  entirely 
of  diese  disks. 

Seen  in  transverse  section  (Figs.  51  and  53),  die  cell  consists 
of  darkly  staining  inasses  wliicli  are  cross-sections  of  tlie  fibril 
bundles.  These  are  band-sliaped  and  radially  arranged  at  the 
peripliery  of  tlie  cell,  and  are  smaller  and  columnar  nearer  die 
centre.  Between  diese  tliere  are  definite  disks  of  nnstained 
substance.  From  tliis  it  will  be  seen  tliat  the  cell  protoplasm 
contains  a network  which  consists  of  the  fibril  bundles  and  the 
membranes  surrounding  the  disks  of  sarcoplasm.  The  rnem- 


Longitudiual  section  of  adult  hu- 
man heart  muscle.  S,  sarcoplasmic 
disks;  F,  fibril  bündle;  K,  Krause’s 
raembrane.  (MacCallum.) 


Cross-section  of  adult  human  heart  mus- 
cle. The  section  is  through  a part  of  the  cell 
either  above  or  l)elow  the  nucleus.  C,  central 
sarcoplasm  mass , S,  sarcoplasmic  disk ; F, 
fibril  bündle.  (MacCallum.) 


branes  join  witli  the  fibril  bundles  at  the  lines  known  as  Ivrause’s 
inembranes,  and  the  whole  forms  a continuous  network. 

With  regard  to  the  manner  in  which  heart  muscle  cells  in 
the  higher  mammals  are  joined  together,  two  appearances  com- 
monly  met  with  must  be  mentioned.  In  some  cases,  esj)ecially 
wliere  there  is  a certain  degree  of*  oedema.  in  the  muscle,  the 
fibril  bundles  present  a row  of  thickenings  on  each  side  of  the 
cement  line.  These  form  what  Przewoski  termed  the  strahim- 
granulosum  terminale  (Fig.  54).  From  each  of  these  thicken- 
ings one  or  more  fine  filaments  jiass  across  the  cement  line  to 
raeet  those  from  the  opposite  cell.  The  two  .series  of  filaments 
meet  at  a delicate  line  in  the  centre  of  the  cement  line.  The 
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Icitter  line  was  not  observed  by  Przewoski.  Tn  sonie  prepara- 
tions  tliis  structure  cannot  be  made  ont.  Instead  of  it,  there  is 
a cement  line  baving  the  cliaracteristic  step-like  conrse.  Tliis 
in  osmic  acid  preparations  sliows  tlie  appearance  always 
described  as  caused  by  protoplasmic  bridges  (Fig.  55). 

Fig.  54.  Fig.  55. 


Longitudinal  section  of  adult  hu-  Longitudinal  section  of  heart  niuscle  from 

man  heart  niuscle,  showing  the  junc-  an  adult  dog,  showing  protoplasmic  bridges 

tion  of  two  cells.  (Mact’allum.)  hetvveen  two  cells.  (MacCallum.) 


ln  the  lower  vertebrates  tbe  structure  of  heart  niuscle  difiers 
in  many  essentials  from  tliat  of  inan  and  tlie  liiglier  maminals. 
ln  fislies  the  cells  are  small  and  spindle-shaped,  and  possess 
fibril  bundles  only  around  the  periphery.  In  amphibians  and 
reptiles  the  cells  are  still  spindle-shaped  and  sometinies 
branched,  but  the  fibril  bundles  are  iiiore  conspicuous 
(Fig.  49).  In  birds  the  heart  niuscle  cell  is  large  and  con- 
tains  many  fibril  bundles.  It  is  differentiated  very  much  more 
highly  than  the  heart  cell  of  the  lower  classes  of  vertebrates. 
It  is  a fact  worthy  of  notice  that  the  heart  niuscle  cells  of  cold- 
blooded  animals  are  of  much  more  primitive  type  than  those 
of  warm-blooded  animals. 
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Histogenesis  of  Heart  31ascle. 

ln  early  einbryos  [e.  g.,  ])igw’  embryos  10-12  mm.  long)  tlie 
lieart  muscle  is  macle  up  of  small  s])indle-slia])ed  cells  lying 
dose  togetlier.  ln  cross-section  tliey  are  round  and  contain  an 
oval  nucleus.  The  cell  pi’otoplasni  contains  a.  more  or  less 
regulär  network  (Fig-  '">0).  ^o  tibril  bundles  are  present. 


Cross-sectioii  of  heart  muscle  cells  of  a pig’s 
erabryo  12  mm.  loiig.  ( MacCalluin.) 


Cross-section  of  heart  muscle  cells  of  a pig’s 
embryo  2ö  iinn.  long.  (MacCallum.) 


ln  somewliat  older  embryos  (25  mm.)  the  cells  are  still  spin- 
dle-sbaped.  Around  their  periphery  is  seen  a row  of  dark 
masses,  which  are  tlie  crossTsections  of  newly  formed  fibril 
bundles  (Fig.  57).  These  are  merely  an  accumulation  of  the 
substance  of  the  primitive  network  to  form  longitudinal  fibril 
bundles.  ln  embryos  40  mm.  long  fibril  bundles  are  present 
not  only  around  the  periphery,  but  are  also  scattered  here  and 
there  in  the  more  central  parts  of  the  cell,  ln  pigs  70  mm.  in 
length  the  cells  are  no  longer  spindle-shaped,  and  have  all  the 
characteristics  of  adult  cells. 

It  is  apparent,  then,  that  the  continuous  network  spoken  of 
in  the  adult  fibre  made  up  of  the  fibril  bundles  and  the  mem- 
branes  bounding  the  disks  of  sarcoplasm,  is  developed  directly 
by  a process  of  differentiation  from  the  primitive  protO]^lasmic 
network  of  the  embryonic  cell.  The  gradual  acquirement  of 
special  powers  of  contractility  is  due  to  the  progressive  devel- 
opment of  the  network  of  contractile  substance  ])resent  in  the. 
beginning. 
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3.  Voluntary  Striated  Muscle  (Skeletal). 

lliis  tissiie  is  macle  up  of  tlie  most  highly  difFerentiated  of 
all  miiscle  cells.  Tliey  are  long  fibres,  possessing  a sarco- 
lemma  or  cell  membraiie,  maiiy  niiclei.  and  a protoplasm  con- 
taining  fibrils  witli  a double  striation  (Fig.  58).  Fach  cell  is 
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Part  of  vohmtary  muscle  fibre  of  frog. 


what  is  knowii  as  a syncytiuni — i.  e.,  tlie  nucleus  has  divided 
inany  times  without  corresponding  divisioii  of  the  cell.  Tliey 
may  be  as  long  as  10  cm.,  and  in  small  muscles  may  extend 
tlieir  entire  lengtli.  The  diameter  of  the  cells  varies  from  30 
to  60  y.  In  old  animals  the  fibres  are  larger  than  in  young. 
When  the  ending  of  a fibre  is  found,  it  is  seen  to  be  conical  or 
round.  Often  the  ends  are  branched  or  forked,  as  in  the 
muscle  fibres  of  the  toimue. 

O 

The  cross-striation  is  due  to  strise  which  are  present  in  the 
longitudinally  disposed  fibrils  (Fig.  60).  These  can  be  seen  in 
the  fresh  muscle.  The  fibril  bundles  are  made  up  of  what  are 
called  primitive  fibrils.  These  are  differentiated  parts  of  the 
protoplasm,  and  have  to  do  with  the  power  of  contraction  pos- 
sessed  by  the  cell.  A small  part  of  the  protoplasm  remains 
unchanged,  the  so-called  sarcoplasm.  The  arrangement  of  the 
fibrils  may  be  variable,  as  seen  in  a cross-section.  They  may 
form  polygonal  bundles,  which  are  known  in  cross-section 
as  Cohiihewi  s fields  (Fig.  59).  These  correspond  to  what 
V.  Kölliker  has  termed  Muskelsäulchen  in  heart  muscle.  They 
are  separated  by  more  or  less  sarcoplasm,  which  appears  as  a 
bright  network,  in  whose  meshes  the  fibril  bundles  or  Cohn- 
heim’s  fields  are  situated.  The  distinctness  of  the  striations 
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(lepends  somewliat  on  tlie  amount  of  sarcoplasm  present.  A 
tliin  layer  of  sareoplasm  is  usually  ])reseiit  iiiuler  tlie  sarco- 
leimna.  Some  autliors  wlio  regard  tliis  as  tlie  inner  slieatli  of 
the  sarcolemma  call  it  the  endolemma  and  tlie  outer  slieatli  tlie 
epilenima.  In  tlie  sarcoplasm  nnder  the  sarcolemma  tliere  lie 
oval  nuclei,  arranged  witli  tlieir  long  axes  parallel  to  the  long 
axis  of  the  cell.  They  are  fonnd  sometimes  in  the  middle  of 
the  fibre,  between  the  primitive  fibrils  {e.  g.<,  in  amphibia),  but 
most  often  are  present  under  the  sarcolemma  (f  ig.  59).  In 
some  animals  (c.  g.,  the  rabbit)  we  find  muscles  of  two  kinds . 
the  so-called  red  niuscde  cells,  which  contain  miich  sarcoplasm 


Fig.  59. 
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Cross-section  of  voluntary  striated  muscle  fibres  of  a rabbit.  In  A the  primitive  übrils 
are  equally  distributed  ; in  B they  are  gronped  into  Cohnheim’s  fields.  The  fine  dots  are 
transverse  sections  of  primitive  fibrils.  X 1000. 


and  possess  nuclei  in  the  interior  of  the  cell ; and  the  ivhite 
muscle  cells,  which  show  a more  distinct  striation,  less  sarco- 
plasm, and  nuclei  peripherally  placed.  The  more  sarcoplasm 
a cell  has,  the  more  slowly  will  it  contract  and  the  longer  it  will 
function  without  tiring.  In  many  vertebrates,  and  in  man 
also,  the  muscles  are  almost  exclusively  of  the  red  muscle  type ; 
some  muscles,  however,  the  so-called  mixed,  muscles,  possess  both 
red  and  white  fibres. 

Every  fully  developed  voluntary  muscle  fibre  in  the  higher 
vertebrates  is  surrounded  by  a sarcolemma.  This  is  a thiii,  ho- 
mogeneous,  structureless  membrane,  which  under  normal  condi- 
tions  is  so  closely  approxirnated  to  the  contents  of  the  cell  that 
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it  eainiot  be  inade  out.  Oii  treatment  of  tlie  tissue  with  water, 
liowever,  tlie  osmosis  lifts  the  sarcolemma  up  so  that  it  can  be 
plaiiily  seeii.  Also  in  torn,  twisted,  or  teased  cells,  wliere  the 
eontents  of  the  fibre  liave  beeii  extriided,  it  can  be  seen.  It  is 
abseht  in  tlie  niuscle  of  some  lower  animals. 

The  striation  of  the  nuiscle  fibre  is  dne  to  chansfes  in  the 
pliysical  properties  of  parts  of  the  fibrils,  in  consequence  of 
wliich  sonie  portions  liave  a different  refractive  index  and  stain 
differentlj'  froin  others.  The  appearance  changes  also  on  high 
and  low  focussing.  AV^hat  appears  light  in  high  focus  hecomes 
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Piece  of  muscle  tibre  of  the  frog,  brokeu  up  into  fibrils.  X 650. 


dark  on  focussing  to  a deeper  level.  The  following  description 
is  inade  from  low  focussing : W e notice  with  high  magnifica- 
tion  alternating  light  and  dark  bands  on  the  fibrils.  These  are 
of  about  equal  thickness.  The  dark  bands,  the  so-called 
Hrücke’s  lines  (^),  are  doubly  refractive — i.  e.,  they  appear 
light  in  polarized  light  with  crossed  Nicol’s  prisms  (aniso- 
tropic).  The  bright  bands,  on  the  contrary,  are  singly  refrac- 
tive, are  isotrojiic,  and  appear  dark  in  polarized  light. 
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It  is  to  be  observed  also  tliat  tlieie  are  otlier  liiies  dividiiig 
tliese  baiids,  so  tliat  eacli  is  bisected.  Tlie  liglit  band  (isotropicj 
possesses  in  its  centre  a tliin,  very  dark,  doubly  refractive  line, 
the  so-ealled  Kraiise’s  membrane  (Z),  wliicli  was  described  first 
by  Aiiiici.  ln  tlie  dai’k  band  we  find  usually  a liglit  line  L e.y 
it  relracts  lio’lit  less  stronglv  tliat  tlie  rest  of  tlie  anisotropie  sub- 
stance.  Tliis  is  tlie  so-called  Henseiis  line  (Aj. 


Fig.  ()1. 

1.  11. 


Diagrani  of  cross-striations  of  a beetle’s  muscle.  (After  Rollet.)  /.  witli  higher ; II, 
with  lower  focussing  of  the  ohjective;  Q,  Brücke’s  line;  h,  Hensen’s  linej  J,  Isotropie  sub- 
stance ; N,  accessory  line  (Nebenscheibe) ; E,  Isotropie  substance  (Endscheibe)  ; Z,  Krause's 
membrane. 


In  sonie  artliropods  we  meet  with  a still  greater  differentia- 
tion.  Tliere  is  a band  present  dividing  into  two  equal  parts  tlie 
isotropic  substance  between  Krause’s  membrane  and  Brücke’s 
line — i.  e.^  between  Z and  Q.  Tliis  is  called  the  accessory  line 
(Nebensclieibe)  (iV^).  Tliis  quite  inconstant  line  usually  refracts 
light  more  weakly  than  the  Brücke’s  membrane,  but  is  doubly 
refractiye  (Fig.  Gl). 
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In  a dose  examinatioii  of  very  tliin  sections  of  voluntary 
muscle,  especially  of  tlie  red  variety,  tlie  Krause’s  membranes 
can  ofteii  be  seen  ])assing  froni  one  ßbril  to  another  across  the 
sarcoplasm.  Altliough  it  is  mucli  more  clifficult  to  inake  out 
than  in  beart  muscle,  on  account  of  tlie  small  amount  of  sarco- 
plasni,  it  is  probable  tliat  tlie  same  relation  exists  between  fibril 
bnndles  and  sarcoplasm  in  the  two  kinds  of  muscle.  If  such  is 
the  case,  tlie  explanation  of  tlie  nature  of  Krause’s  membrane 
is  possible  on  tlie  liypotliesis  tliat  tlie  contractile  parts  of  the 
cell  form  a continuous  network.  Concerning  the  nature  of  the 
other  striations  nothing  definite  is  known. 

Düring  a contraction  of  the  cell  these  various  striations 
undergo  certain  changes.  They  all  become  shorter  and  broader. 
The  Isotropie  substance  beconies  very  thin,  and  the  Neben- 
scheiben approach  Krause’s  membranes  so  closely  that  new 
striations  are  formed,  which  are  known  as  the  contraction  hands. 
These  bands  usually  become  isotropic,  while  the  Brücke’s  lines 
{Q)  acquire  a doubly  refiuctive  iudex.  In  Brücke’s  lines  the 
distinction  between  the  Hensen’s  line  and  the  rest  disappears. 
These  changes  can  be  observed  best  in  cells  in  which  parts  of 
the  fibre  only  are  in  contraction  (so-called  contraction  waves). 
In  such  a fibre  all  the  transitions  froni  one  state  to  the  other  are 
to  be  seen.  Still  plainer  pictures  can  be  obtained  in  fibres 
which  show  the  so-called  lateral  waves  (Fig.  62).  Tliis  is  seen 
in  the  neighborhood  of  a motor  end  plate. 

It  appears  tliat  the  Brücke’s  lines  are  active  during  contrac- 
tion, and  that  the  isotropic  substance  has  only  elastic  prop- 
erties  and  acts  passively.  It  is  certain  that  the  striations  are 
not  an  essential  tliins:  for  the  cell  contraction.  Smooth  muscle 
contracts  with  no  striated  fibrils,  but  this  contraction  is  mucli 
slower  than  it  is  in  striated  muscle.  Supposing  that  the  fibrils 
are  merely  a dififerentiated  part  of  the  jirimitive  protoplasmic 
framework,  the  contraction  may  be  considered  as  a contraction 
of  this  framework.  Tlie  further  difi'erentiation  of  the  fibrils 
by  the  appeafance  of  striations  puts  them  into  a physical  con- 
dition for  quicker  and  more  perfect  contractions.  In  the 
primitive  amoeboid  cells,  where  the  network  in  the  protoplasm 
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is  simple  and  uniform,  tlie  contraction  takes  place  slowly  and 
in  110  deßnite  direction.  Wlien  a similar  network,  liowever, 
lias  beeil  differentiated  into  longitudinal  tliickenings  (fibiils) 
and  tliese  fibrils  furtlier  elianged  pliysically,  tlie  contraction  is 
(piick,  and  takes  place  in  tlie  direction  of  tlie  stronger  Strands 

of  protoplas ni — i.  c.,  tlie  fibrils. 

By  tlie  action  of  weak  acids,  Brücke’s  lines  swell  iip  and 
Kraiise’s  membranes  are  nnclianged.  so  that  tlie  fibrils  liave  tlie 


Nerve 

fibre 


Lateral  contraction  wave  of  Cassida  equestrü.  (After  Rollet.)  The  formation  of  the 
contraction  band  is  well  seen,  at  the  left,  as  thick  black  lines. 


Sarcoleynma 


Dmiere'  s hillock 


form  of  a row  of  beads.  Witli  stronger  acids,  Brücke’s  lines 
split,  and  disks  are  formed  wliicli  contain  Krause’s  membrane 
in  their  centre.  The  so-called  Bowman’s  disks  are  formed  by  tlie 
action  of  93  per  cent.  alcohol.  Here  tlie  Splitting  is  at  Kranse’s 
membrane  and  Brücke’s  lines  are  left  intact.  The  Krause’s 
membranes  are  the  most  resistant  of  all  the  lines,  and  seem  to 
be  closely  related  both  to  the  sarcoplasm  and  the  sarcolemma. 
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The  function  of  tliese  different  parts  of  tlie  cell  is  not  quite 
elear.  The  sarcoplasm  dissolves  in  water,  dilnte  aeidö,  and 
alkalies,  and  allows  the  primitive  fibrils  to  be  separated.  Sar- 
eo})lasni  ])lays  sonie  role  in  the  nourishment,  increase,  and 
growth  of  the  mnsele  hbres.  It  is  i^resent  in  large  qnantities 
a.ronnd  the  inotor  nerve-endings,  and  serves  probably  to  trans- 
mit  the  nervons  irnpulse  eqnally  through  the  cell. 

Cross-striated  mnsele  libres  are  found  in  all  the  skeletal 
nuiscles,  the  outer  museles  of  the  eye,  muscles  of  the  ear, 
})harynx,  larynx,  tongue,  oesophagus,  and  those  around  the 
anns  and  sexual  Organs.  All  the  striated  muscles  in  vertebrates 
(except  heart  muscle)  are  voluntary.  There  are  some  excep- 
tions,  however,  such  as  the  muscles  of  the  upper  part  of  the 
cesophagus,  and  the  cremaster  externus,  which  are  not  under 
the  control  of  the  will. 

Histogenesis  of  Yohnitary  Striated  3Ivscle, 

The  voluntary  muscle  of  the  adult  body  is  derived  from  the 
myotomes  of  the  embryo.  In  pigs’  embryos  8 mm.  long  the 
myotomes  are  fiattened  bodies  composed  of  a dorsolateral 
epithelium-like  layer  of  cells,  and  a median  mass  of  spindle- 

Fio.  03. 


Traiisverse  section  through  the  epithelial  lamella  of  a myotome  in  the  leg  region  of 
an  embryo  pig  8 mm.  long.  (Bardeen.)  a,  dividing  cells  ; h,  limiting  capsule  of  external 
layer;  c,  inner  layer;  d,  middle  spindle-cell  layer;  e,  ectoderm. 

shaped  and  round  cells.  These  liave  been  described  in  detail 
hy  Bardeen.  The  epithelial  lamella  (cutis  plate)  is  composed 
of  three  layers  of  columnar  cells  with  fine  fibres  proceeding 
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froin  tlie  extermil  cells.  These  fibres  joiii  to  form  a limiting 
capsule.  The  middle  layer  is  eomposed  of  spindle-sha])ed 
cells;  the  maiii  layer,  of  columiiar  cells  (Fig.  bd).  Tlie  rouiid 
cells  of  the  median  muscle  lamella  are  kiiowii  as  myohlaaU. 
From  these  the  spindle-shaped  cells  are  derived  by  an  elonga- 
tion  of  the  body  of  the  cell  (Fig.  04).  Karyokinetic  figures 


Fig.  64. 


Cells  from  a horizontal  section  of  muscle  lamella  of  a pig’senibryo  8 mm.  long.  (Bardeen.) 
a,  myoblast;  ft,  young  spindle  cell  ; c,  d,  older  si)indle  cells. 


are  found  abundantly  among  these  cells.  Tn  the  protoplasm 
there  is  to  be  seen  only  an  irregulär  network.  No  fibril  bun- 
dles are  present.  The  cells  of  the  epithelial  lamella  beconie 
converted  constantly  into  myoblasts.  For  a detailed  descri])- 
tion  of  the  development  of  the  myotome  and  its  various  cell 


F4g.  65. 


Cross-section  of  voluntary  muscle  from 
the  thigh  of  an  embryo  pig  25  mm.  long. 

cell  showing  the  uucleus  ; cell  show- 
ing  sarcoplasmic  disks.  (MacCallum.) 


Fig.  66. 


Cross  .section  of  voluntary  muscle  from 
the  thigh  of  an  embryo  pig  45  mm.  long, 
showing  fibril  bnndles  at  the  periphery  of 
the  cells.  (MacCallum.) 


layers,  the  reader  is  referred  to  Bardeeids  oridnal  article. 
^ 

The  later  stages  in  the  development  of  the  muscle  cell  are 
as  follows  (.J.  B.  MacCallum):  In  Fig.  65  is  represented  a 
cross-section  of  the  muscle  fibres  of  a pig’s  embryo  25  mm. 
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long.  Tliis  sbows  the  cells  of  tlie  muscle  mass  wliicli  Las 
developed  in  the  leg  from  the  myotomes  for  that  regioii.  In 
the  cells  there  is  a protoplasniic  network  and  no  fibril  bundles. 
The  nuclens  is  large  and  vesicular.  At  about  this  stage  the 
fibril  bundles  begin  to  be  formed.  Bardeen  has  pictured  muscle 
cells  from  embryos  of  this  age  witb  distinct  fibril  bundles  scat- 
tered  irregularly  around  the  periphery.  In  a pig’s  embryo  35 
mm.  lono;  the  fibril  bundles  are  found  in  nearlv  all  the  cells. 
They  are  small  and  not  regularly  placed.  In  embryos  45  mm. 
in  lengtli  there  is  a regulär  row  around  the  periphery  of  the 
cell.  The  nucleus  is  placed  centrally,  and  the  central  proto- 
plasni  contains  a inore  or  less  regulär  network  (Fig.  66). 
From  this  on,  the  fibril  bundles  increase  in  number  and  gradu- 
ally  fill  up  the  entire  cell.  In  embryos  about  75  mm.  long 
there  are,  in  addition  to  the  central  nucleus,  several  peripheral 
nuclei.  The  latter  are  not  vesicular,  like  the  former,  but  stain 
deeply  and  uniformly,  like  adult  muscle  nuclei  (Fig.  67).  The 


Fig.  67. 


Cross-section  of  voluntary  muscle  from  the  thigh  of  an  embryo  pig  75  mm.  in  leugth. 
A,  central  vesicular  nucleus;  B,  peripheral  solid  nucleus.  (MacCallum.) 

central  nucleus  subsetpiently  disappears.  The  sarcoplasm  is 
more  and  more  encroached  upon  by  the  growth  of  the  fibril 
bundles,  and  in  adult  muscle  it  occupies  a very  small  space. 
Striations  are  noticed  in  the  fibril  bundles  at  tlieir  first  appear- 
ance,  and  frequently  the  ultimate  relation  between  Krause  s 


NERVO  US  TISSUE. 


97 


mein  braue  and  tlie  sarcoplasiii,  wbicli  lias  beeil  spoken  ot 
above,  caii  be  observed. 

It  seenis  tliat  tlie  same  liypotliesi«  (MacCallum)  is  applica- 
ble liere  as  was  suggested  for  tlie  development  ot  lieart  muscle. 
It  simplifies  tlie  concejition  of  striated  muscle  very  greatly  to 
consider  tlie  fibril  bundles  and  tlie  membranes  bounding  tlie 
compartments  of  sarcoplasni  as  derived  Irorii  tlie  [irimitive  net- 
work  found  in  tlie  muscle  cells  ot  young  embryos.  ilie  later 
stages  in  tliis  development  of  lieart  muscle  and  voluntary 
muscle  dider  somewhat  oii  account  ot  tlie  diderences  in  tlie 
adult  tissues.  But  since  tlie  begiiining  ot  tlie  didereiitiation  is 
tlie  same,  tlie  development  of  tlie  power  ot  contractioii  must 
run  a somewliat  similar  course.  It  tliis  be  so,  it  is  conceivable 
tliat  tlie  contractions  in  detiiiite  directions  begin  wlien  tlie 
irregulär  iietwork  of  tlie  primitive  cell  becomes  strengtlieried 
in  tliese  directions  by  an  accumulation  of  tlie  substance  ot  tlie 
network  to  form  ßbril  bundles.  Wliy  tliis  sliould  take  place 
drst  around  tlie  peripliery  of  tlie  cell  is  not  clear.  It  is  true, 
liowever,  not  only  in  tlie  development  of  lieart  muscle  and 
voluntary  muscle  cells,  but  also  in  tlie  evolution  of  tlie  lieart 
muscle  cell  in  lower  aiiinials. 


IV.  NERVOUS  TISSUE. 

The  essential  constituents  of  tlie  iiervous  System  are  nerve 
cells  and  yierve  fihres.  Formerly  tlie  latter  were  considered  as 
separate  elenients,  but  now  are  recognized  generally  as  processes 
of  tlie  nerve  cells.  It  is  a cliaracteristic  feature  of  nerve  cells 
tliat  at  least  one  process  proceeds  from  each.  Usually  tliere  are 
many  of  such  processes,  one  of  whicli  always  becomes  a nerve 
fibre,  the  so-called  axis-cylinder  process,  Deiterts  process,  or 
axone,  The  rest  are  known  as  protoplasmic  processes  or  den- 
drites.  Independent  nerve  ßbres  do  not  exist  in  the  animal 
organism.  They  are  in  every  case  in  connection  with  cells. 
Thus  the  nerve  cell,  axone,  and  dendrites  together  form  a nerve 
unit  which  is  known  as  the  neurone  (Waldeyer).  The  nervous 
System  is  made  up  of  such  units. 
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A.  Nerve  Cells. 

The  nerve  cells  (also  called  ganglion  cells)  vary  in  size  froni 
4 to  135  (.1  in  dianieter  in  mamiiials,  and  are  as  large  as  200  ^ 
in  fislies.  Their  form  is  variable— round,  spindle-shaped, 
polygonal,  or  irregularly  stellate.  The  processes  of  the  cells 
may  be  divided  into  two  main  groiips  : 

(öf)  The  axis-cylinder  process  (axone,  neuraxone,  Deiter’s 
process)  develops  more  quickly  thaii  the  other  processes,  and 


Fig.  C8. 


Multipolar  nerve  cell  from  the  medulla  of  a rabbit.  The  axone  is  broken  off.  x 150. 

has  alvrays  a smooth,  even  margin.  It  leaves  the  cell  at  an  eie- 
vation  known  as  the  axone  hillock,  and  may  proceed  out  of  the 
central  nervous  System  to  form  an  axis  cylinder  of  one  of  the 
fibres  of  a peripheral  nerve.  On  the  other  hand,  it  may  end 
in  the  central  nervous  System  by  branching.  It  almost  always 
sends  ofi‘  lateral  branches,  the  so-called  collaterals,  which  cause 
a communication  to  be  established  between  the  cells  to  which 
the  axone  belongs  and  other  cells. 
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[b)  Dendrites  (protoplasmic  processes)  develop  later  tlian 
the  axones.  In  Golgi  preparations  they  appear  niiicli  hranched 
and  witli  irregulär  outlines.  Tlieir  inargins  are  not  sniooth 
like  those  of  tlie  axones,  but  are  covered  witli  small  elevations 
(Fig.  70).  The  terminal  branches  ol  tlie  dendrites  are  called 

telodendria  (Fig.  69). 


Fig.  69. 


Pyramidal  cell  from  the  cerebral  cortex  of  the  human  adult.  (After  a preparation  by 

A.  Bochenek.)  X 160. 


One  may  divide  nerve  cells  according  to  tlieir  processes  into 
uni,  bi-,  and  multipolar  cells.  There  is  always  an  axone,  but 
the  number  of  dendrites  varies. 

Unipolar  cells  are  relatively  rare.  They  are  found  in  the 
nervous  System  of  invertebrates,  in  the  sympathetic  ganglia  of 
amphibians,  in  the  olfactory  sense  cells,  and  in  the  spinal  gan- 
glia of  mammals.  In  these  the  axis-cylinder  process  divides 
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dicliotomously  at  a little  distance  from  tlie  cell,  and  gives  rise 
to  two  nerve  fibres,  one  riiniiing  peripherally  and  one  toward 
the  central  nervous  System.  The  two  fibres  formed  by  this 
division  separate  at  an  angle  like  tliat  of  tlie  arnis  of  the  letter 
Y or  T (Fig.  71,  d). 

it  has  beeil  shown  that  the  spinal  ganglion  cells  are  uni- 
polar in  adiilts,  but  bipolar  in  embryos,  the  two  embryonic 
processes  fusing  to  form  one  in  the  adult  (Fig.  71). 


Fig.  70. 


Bipolar  cells  (Fig.  71,  a,  b)  are  found  in  the  spinal  ganglia 
of  fishes  and  in  the  ganglion  spirale.  In  such  cells  there  are 
two  processes,  one  of  which  becomes  the  axone  and  the  other  a 
dendrite. 

MuÜipolar  cells  (Fig.  68)  possess  one  axone  and  niany  den- 
drites.  If  one  process  runs  a long  distance  and  passes  over 
into  a nerve  fibre,  we  have  to  do  with  a cell  of  the  so-called 
Deitei'^s  type  ; while  if  the  process  runs  oiily  a short  course  and 
ends  in  the  gray  matter  of  the  nervous  System  we  have  a cell 
of  the  Golgi  type. 

According  to  Golgi,  Nansen,  and  others,  the  axone  is  the 
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Fig.  71. 


oiily  conductiiig  portioii  of  tlie  iieuroiie,  wliile  tlie  dendrites  are 
iiourisliing  Organs.  Most  autliors,  liowever  (liamon  y Cajal, 
van  Gelincliten,  Ketzins,  etc.),  are  ot  tlie  opinion  tliat  botli 
dendrites  and  axones  liave  tlie  power  ol  conductiiig  impulses. 
According  to  Kanion  y Cajal,  tlie  dendrites  can  conduct 
impulses  only  toward  tlie  cell  (cellulipetal),  wliile  tlie  axone 
conducts  tlieni  only  avvay  froni  tlie  cell 
(cellulifugal).  In  tliis  way  im])ulses  pass 
from  one  neurone  to  anotlier. 

It  is  tlierefore  to  be  observed  that  all 
periplieral  fibres  of  tlie  sensory  nerves 
bringing  impulses  from  tlie  outer  world  to 
tlie  ganglion  cells  are  dendrites,  and  such 
fibres  as  tliose  of  tlie  motor  nerves  carry- 
ing  impulses  out  to  tlie  miiscles  are  axones. 

On  the  basis  of  investigations  by 
newer  metliods  (especially  Golgi’s)  tlie 
idea  has  gained  gronnd  that  neurones 
are  connected  witli  one  another  only  by 
contact.  But  concerning  tliis  point  there 
has  been  much  discussion. 

For  the  last  few  years  the  neurone 
doctrine  has  been  generally  accepted — 
i.  e.,  that  the  nervoiis  System  is  made  up 
of  cells  and  cell  processes  forraing  together  units  or  neurones 
which  Combine  into  Systems  of  fibres  and  groups  of  cells.  The 
late  work  of  Apathy,  liowever,  throws  doiibt  on  the  theory  in 
the  eyes  of  many  investigators.  Apathy  finds  that  direct  Con- 
nections exist  between  ganglion  cells,  and  clainis  that  the 
nervous  System  can  not  therefore  be  divided  into  morphological 
units  (neurones).  He  makes  the  last  elements  of  the  nervous 
System  not  cells,  but  the  so-called  neuroßbrils,  which  pass, 
according  to  him,  without  interruption  from  one  cell  to  another. 
Even  though  it  is  possible  to  find  certain  cells  joined  to  others, 
and  fibrils  continuous  from  one  to  the  other,  there  is  still 
nothing  in  this  to  disprove  the  neurone  thecry.  The  neurone 
doctrine  States  that  the  cells  and  fibres  of  the  nervous  System 


Semidiagrammatic  repre- 
sentation  of  the  transition 
from  bipolar  to  unipolar 
nerve  cells. 


102 


mSTOLOGY. 


are  not  separate,  but  go  to  make  u[)  morpliological  units,  eacli 
tibre  beiiig  connected  witb  a cell.  Wliat  Apätliy  lias  sliown 
is,  tliat  tliese  morpliological  units  are  sometimes  connected, 
and  tliat  neurofibrils  pass  in  the  protoplasm  from  one  to  the 
otlier. 

The  body  of  the  nerve  cell  stiows  certain  liner  structures 
wliicli  have  been  the  subject  of  iniich  investigation  in  the  last 
few  years.  All  nerve  cells  possess  a fibrillär  structure,  in  the 
cell  body  as  well  as  in  the  processes.  The  fibrils  of  the  axone 
are  more  or  less  a continuation  of  those  of  the  cell  body.  Here 
they  run  in  all  directions,  often  concentrically,  and  form  a sort 


Kig.  72. 


Axone 


Axon  es 


End  apparatus  of  axones  from  the  trapezoid  nucleus  of  a rabbit.  (Prepared  by  S.  Meyer’s 

methylene-blue  method.)  X 700. 


of  iietwork,  especially  in  the  middle  of  the  cell.  The  proto- 
plasm of  the  cells  contains  numerous  very  fine,  deeply  staining 
granules  (chromato|)hile).  These  graniiles  are  usually  spindle- 
shaped,  and  are  called  Nissl  bodies  or  tiyroid  boddes  (Lenhos- 
sek).  They  are  foiind  also  in  the  dendrites,  but  not  in  the 
axone  hillock  (Fig.  73).  Their  relation  to  the  fibrils  of  the 
cell  body  is  not  yet  explained.  Some  authors  claim  tliat  they 
are  connected  closelv  with  the  fibrils,  others  tliat  they  are  inde- 
pendent  and  lie  in  the  spaces  between  the  fibrils.  A few 
authors  regard  them  as  artifacts  produced  oii  the  death  of  the 
(»eil  (Held).  Some  believe  tliat  they  have  an  important  trophic 
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and  reguiatory  inÜuence  on  the  lile  and  liinction  of  the  nerve 
cell  (Marinesco).  It  is  possible  that  tliey  are  products  ol 
metabolisni.  In  favor  of  tliis  idea  is  the  work  ol  Lugaro,  wlio 
found  tliat  in  chronic  arsenic  poisoning  there  are  definite 
chaiiQ-es  in  these  tigroid  bodies.  Changes  in  these  occur  also 


in  various  diseases. 

Aronnd  the  nnclens  a network  of  fibrils  has  been  recog- 
nized  by  Apathy,  Bethe,  and  others,  which  are,  according  to 
thein,  continuous  witli  tlie  fibrils  of  the  axone. 


Fig.  73. 

Deudrites 


Axone 
Mllocl' 


Nerve  cells  from  the  anterior  horn  of  the  s])inal  cord  of  a calf.  Chromatophile  grauules 
are  stained  in  methylene  blne  by  the  method  of  Nissl.  X 950. 


Nucleus  with 
nncJeolm 


Chromatophilic 

granules 


A centrosome  is  found  in  spinal  and  synipathetic  ganglion 
cells,  but  is  usually  not  to  be  inade  out  in  other  nerve  cells. 
Yellow-brown  pigment  is  found  often  in  the  protoplasm. 

The  nucleus  of  the  nerve  cells  is  characteristic.  As  a rule, 
it  is  single,  large,  and  vesicular.  It  possesses  a distinct  cell 
membrane,  usually  a large  nucleolus,  and  only  a small  quantity 
of  chromatin. 

A true  cell  membrane  is  not  |)resent.  Cells  which  are 
situated  peripherally,  however,  usually  possess  a secondary 
capsule  of  connective-tissue  origin. 
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B.  Nerve  Fibres. 

The  contimiatioii  of  tlie  axone  of  a nerve  cell  forms  the 
axis  eylinder  of  a nerve  fibre.  Tliis  is  the  only  essential  part 
of  the  nerve  fibre.  All  the  other  parts  may  be  wanting. 

In  a cross-section  of  a nerve  fibre  possessing  all  the  accessory 
coverings  we  see  in  the  centre  the  axis  eylinder.  Around  tliis 
in  concentric  arrangement  we  have,  from  within  oiitward,  the 
medullary  sheath,  Schwanris  sheaih,  and  Henlds  sheath  (Figs. 
74-79).  ' 

The  axis  eylinder  runs  iininterruptedly  from  the  nerve  cell 
to  the  nerve-ending.  It  is  characterized  by  being  high  ly 
refractive,  and  jiossesses  a fibrillär  strnctiire  siniilar  to  that  of 
the  cell  of  which  it  is  a ])rocess,  biit  contains  no  tigroid  bodies. 


FrG.  74. 


Medullary  sheath 


Space  beticeen  tiro 
Schmidt-Lanterma 

Segments 


Axis  eylinder 


From  ;i  cross-section  through  a nerve  treatecl  with  osmic  acid. 


X 350. 


Soine  anthors  regard  it  as  qiiite  structiireless.  By  special 
methods  it  is  seen  to  be  inade  np  of  a large  nnniber  o^ pidmi- 
tive  fihriU  [neurofihriU),  between  which  there  is  a small  amoniit 
of  soft  neuroplasm  (Fig.  80).  It  is  almost  generally  acknowl- 
edged  that  these  neurofibrils  are  capable  of  carry ing  nerve 
Impulses,  and  that  each  one  is  a separate  condiiction  path 
(Apathy). 

The  medullary  sheath  (Fig.  74)  which  surronnds  the  axis 
eylinder  consists  of  myelin,  a fatty,  semifliiid,  homogeneoiis, 
highly  refractive  siibstance.  Mediillated  fibres  have  a double 
contour,  formed  by  the  inner  and  outer  margins  of  the  medid- 
lary  sheath  seen  in  optical  section. 

Soon  after  deatli  the  so-called  coagulation  plienomena  begin. 
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The  coiitoiir  of  the  fibre  becoines  irregulär  und  tlie  inyeliii 
slieatli  sliows  interriiptions  in  its  coiirse.  Witli  {)erosniie  acid 
a characteristic  pieture  is  produced.  This  acid  coJor.s  only  tlie 
fat-containing  inedullary  slieatli.  The  interruptioiis  are  thus 
left  uiistained.  These  are  called  lines  or 

funnels,  and  Ranmer\s  nodes  (Fig.  75). 


Fig.  75. 


Fig,  75. 


Piece  of  a inedullated  nerve  libre  froin  the  nervus  ischiadicus  of  tbe  fvo^.  A node  of 
Ranvier  {b)  and  the  lines  of  Schinidt-Lantermaun  la)  are  sliown.  X 370. 

The  fornier  appear  on  optical  section  as  oblique  lines  nin- 
ning  down  to  the  axis  cylinder,  and  are  therefore  funnel- 
shaped.  They  thus  divide  the  myelin  sheath  into  cylindro- 
conical  segnients.  The  apices  of  these  segments  may  be 
direeted  either  toward  the  cell  or  away  from  it.  Sonie  authors 
regard  these  lines  as  artifacts  produced  by  fixing  reagents. 
Others  are  of  the  opinion  that  they  occur 
normally,  and  that  they  are  composed  of 
a different  substance  froni  the  mvelin. 

The  Ran  vier ’s  nodes  (Fig.  75)  are 
large  annular  interruptions  which  divide 
the  fibres  into  what  are  known  as  inter- 
annular  or  Ranvier  s Segments.  The  ab- 

sence  of  the  myelin  at  these  nodes  is  so 

«/ 

distinct  that  the  axis  cvlinder  becomes 

t/ 

joined  with  the  neurilemma  by  a ceinent 
substance.  These  nodes  are  probably  of 
use  in  the  nourishment  of  the  axis  cylin- 
der, for  at  these  places  nutritive  fluids 
could  pass  more  easily  into  the  centre  of 
the  fibre.  By  treating  the  nerve  with 
silver  nitrate  and  reducing  this  in  the  sunlight,  we  offen  obtain 
a brown  striation  on  the  axis  cylinder  {Frornman' s silver  line), 
which  is  usually  considered  as  an  artiffct.  This  striation  is 
especially  marked  at  the  nodes  of  Ran  vier,  and  becomes  less 


Meclullatecl  nerve  fibres  of 
a rabbit,  treated  with  silver 
nitrate.  The  crosses  of  Kan- 
vier  are  sbown.  X 300. 


106 


IIISTOLOGY. 


distiiict  as  we  proceed  from  tliese  on  eitlier  side.  In  tlie  node 
itself  tliere  is  a eliaracteristic  dark-brown  coloration,  wliich  is 
diie  to  tlie  staining’  of  tlie  ceineiit  substance,  wliicli  is  present 
in  tlie  form  of  a ring-like  slieatli  between  tlie  axis  cylinder  and 
bell  wann  s slieatli.  Tliere  is  tlius  formed  witli  tlie  axis  cvlin- 
der  a brown  cross,  as  sliown  in  Fig.  76.  Tliis  is  known  as 
tlie  €7^oss  of  Ranvie7\ 

If  we  boil  medullated  nerve  fibres  in  ether  or  alcohol,  the 
niyelin  dissolves,  and  tliere  reniains  a fine  network  surrounding 


Fig.  77. 

i^ode  of  Ranvier 


Piece  of  a medullated  nerve  tibre  from  a frog,  boiled  iii  absolute  alcohol.  In  the  centre 
is  the  axis  cylinder,  and  around  it  the  neurokeratin  network.  x 650. 


the  axis  cylinder.  The  substance  of  tliis  network  lias  proper- 
ties  siniilar  to  tliose  of  keratiii,  not  being  affected  by  trypsin 
digestion.  It  is  for  this  reason  known  as  the  neuroheratin  net- 
worh  (Ewald  and  Kühne)  (Fig.  77).  It  is  regarded  by  some  as 
an  artifiict  (v.  Köl liker,  Ranion  y Cajal). 


Fig.  78. 


Heule’ s sheaf 
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Nuclei  of  Heule 


Nucleus  of  Schwauu’s 
usde 


Piece  of  a medullated  nerve  tibre  from  the  nervus  radialis  of  man,  treated  with  osmic  acid. 
The  nuclei  of  Schwann  and  Henle  are  to  be  seen.  X 400. 


The  Rckwamis  sheath  or  neurileiiima  is  situated  oiitside  the 
medullary  sheath,  and  is  joined  with  the  axis  cylinder  at  the 
nodes  of  Ilanvier  by  a cement  substance.  It  is  a very  fine 
homogeneous  membrane  which  shows  at  various  places  in  its 
course  nuclei  surrounded  by  a small  quantity  of  granulär  pro- 
toplasm  (Fig.  78).  These  nuclei,  together  with  the  collectious 
of  protoplasni,  niay  be  ternied  Schwann'' s corpuscles.  These  are 
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seen  in  cross-seetion  in  Fig.  79,  wliere  tliey  liave  a semilnnar 
form  ; wliile  tlie  Schwann’s  sheatli  is  continuous  aronnd  tlie 
whole  fibre.  In  liio'lier  animals  onlv  one  nuclens  is  fonnd  in 

O «/ 

each  Segment  of  Kan  vier. 

Many  antliors  believe  that  tlie  Scliwann’s  sheatli  is  inter- 
rnpted  at  each  node  of  Kanvier,  and  joins  on  each  side  of  the 
node  with  tlie  axis  cylinder,  instead  of  being  so  connected  by 
cement  substance.  Others  go  still  fartlier,  and  clairn  that  the 
sheath  of  Schwann  is  continnons  at  the  nodes  of  Ranvier  with 


Fig.  79. 

’s  corpuscle 


of  co7inective 
'y  sheath 
f Schvann 

From  a cross-section  througli  the  human  median  nerve,  treated  with  Müller’s  fluid  and 

safrauin.  X 380. 

the  so-called  Mauthyier^s  membrane  or  inner  nenrilemma,  which 
is  inside  the  medullary  sheath  and  nexf  to  the  axis  cylinder 
{Fig.  80); 

The  significance  of  the  varions  coats  of  the  nerve  fibre  is 
not  clear.  It  is  generally  i’ecognized  from  embr3^ological 
studies  that  the  axis  cylinder  is  a process  from  a ganglion  cell 
which  has  grown  very  much  in  length  and  possesses  at  its  free 
end  a globular  thickening — i.  e.,  the  growing  point.  The  sur- 
rounding  coats  are  of  entirely  different  origin,  and  arise  from 
the  connective  tissue  . 

Concerning  the  nature  of  the  medullary  sheath  there  are 
many  views.  According  to  some,  each  segment  of  Ranvier  has 
the  value  of  a cell,  the  sheaths  of  Schwann  and  Mauthner 
being  regarded  as  parts  of  tlie  cell  membrane.  The  whole  is 
considered  as  a connective-tissiie  cell,  annular  in  shape,  a part 
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of  whicli  has  been  rnodißed  to  forjii  the  niedidlary  sheatli,  and 
the  rest  left  michanged  as  Scliwanids  corpuscles.  OtlierB 
regard  the  medullary  sheatli  as  a product  of  the  axis  cyliiider. 

The  fimetion  of  the  medullary  sheatli  is  mainly  that  of  an 
insulator.  ihe  irritability  of  the  nerve  increases  during  devel- 
opment with  the  growth  of  the  medullary  sheatli. 


Fig.  80. 


Diagram  of  the  structure  of  a medullated  nerve  fibre,  showing  two  different  views 
concerning  the  relations  of  the  sheaths  of  Mauthner  and  of  Schwann.  Compare  the  right 
and  left  sides. 

Medullated  nerves  usually  have  a layer  outside  Schwann’s 
sheath.  This  is  of  connective-tissue  origin,  and  often  shows  a 
fibrillary  structure,  but  is  in  many  cases  homogeneous.  It  pos- 
sesses  always  on  its  inner  surface  a number  of  flat  epithelial 
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Fig.  81. 


Nucleus 


€ells,  wliose  outlines  can  be  made  out  by  treatment  with  silver 
nitrate.  This  layer  is  known  as  Ilenle^s  sheath  or  the  endo- 
neural  sheath  (Retzius). 

Nerve  fibres  of  such  complicated  structure  as  tliat  described 
are  found  in  tlie  cerebrospinal  nerves.  They  are  of  variable 
thickness  (1-20  ^ in  diaineter).  Usually  the  longest  Obres  are 
also  the  thickest.  The  division  of  a 
inedullated  fibre  into  two,  often  three  or 
four,  brauches  takes  place  always  at  the 
nodes  of  Ran  vier.  As  it  approaches  the 
nerve-ending  it  loses  its  sheaths. 

The  inedullated  nerve  fibre  mav  lack 

«/ 

the  sheaths  of  Schwann  and  Heule,  as  is 
the  case  in  the  central  iiervous  System, 
where  the  fibre  consists  of  only  the 
medullary  sheath  and  axis  cy linder. 

Non-medmllated  or  sympathetic  nerve 
fibres  (Reniak’s  Obres)  are  characterized 
by  the  absence  of  the  medullary  sheath 
(Fig.  81).  In  adult  vertebrates  such 
fibres  are  found  only  in  the  sympathetic 
nervous  System.  They  are  ouly  1 to  2 
in  thickness,  and  are  direct  continuatious 
of  axones  of  sympathetic  ganglion  cells. 

Fach  fibre  is  surrounded  by  a covering 
resembling  Schwann’s  sheath.  It  pos- 
sesses  at  various  places  nuclei  surrounded 
by  granulär  protoplasm.  This  sheath 
seems  to  be  a continuation  of  the  thin 
capsule  that  surrounds  the  sympathetic 
cells,  and  is  of  connective-tissue  origin. 

The  olfactory  nerve  fibres  are  of  a still  simpler  type.  They 
are  very  fine  (less  than  0.5  y in  diameter)  fibres  which  consist 
of  a naked  axis  cylinder.  More  often  than  other  fibres,  they 
are  varicose  and  thickened  in  places.  The  bundles  of  these 
fibres  are  surrounded  by  a homogeneous  sheath  containins- 
nuclei.  This  does  not  resemble  Schwann’s  sheath,  because 


Non -inedullated  (Reinak’s) 
fibre  from  the  cervical  sympa- 
thetic of  the  rabbit.  X 300. 
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the  latter  surrounds  oiily  single  axis  cyliriders,  and  not 
biindles. 

Histogeiiesis  of  the  Neurone, 

The  following  description  is  based  on  the  account  of  the 
development  of  the  neiirone  given  by  Barker,  who,  in  turn,  has 
iised  as  a foundation  the  writings  of  His.  As  is  well  known, 
the  medullary  plate  of  the  nervous  System  is  derived  from  the 
ectoblast,  by  the  turning  in  of  a single  layer  of  epithelium 
(Fig.  82).  The  neural  tube  is  formed  from  this,  its  inner  sur- 

Fig.  82. 


Section  througb  the  medullary  plate  of  a rabbit.  Amoiig  the  epithelial  cells  a large  round 
germinal  cell  with  clear  protoplasm  is  visible.  (Barker,  after  His.) 

face  corres])onding  with  the  outer  surfaee  of  the  ectoblast.  The 
cells  increase  in  length  and  the  nuclei  come  to  lie  at  different 
levels  (Fig.  83).  There  are  formed  three  zones,  however,  the 

Fk;.  83. 

I 

\ 

\ 


Section  through  a rabbit’s  neural  tube  which  is  beginning  to  dose.  The  number  of 

epithelial  nuclei  is  increased.  (Barker,  after  His.) 

inner  and  outer  of  which  are  made  up  of  the  protoplasmic  ends 
of  the  cells,  while  the  middle  zone  contains  the  nuclei.  The 
distal  ends  of  the  cells — i.  e.,  the  ends  toward  the  lumen  of  the 
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Fig.  84. 


inedullary  tube — slirink,  so  tliat  spaces  are  present  between 
tliem  ; tbe  proximal  eiuls  break  up  irito  irregulär  branches, 
wliicli  aiiastomose  to  form  a spongy  iietwork,  tlie  neuro- 
spongium  of  tlis  (Fig-  84).  At  tlie  outside  of  tbe  medullary 
tube  tliis  iietwork  forms  a dense 
spongy  structure  known  as  tlie 
periphey^al  or  marginal  veiL 

Soon  after  tbe  formation  of  the 
medullary  plate  large  splierical  cells 
appear  between  tlie  distal  ends  of  tlie 
epithelial  cells  (Figs.  82  and  83). 

These  are  the  germinal  cells  (Keim- 
zellen of  His).  The  nature  of  these 
cells  is  a matter  of  dispute.  Froin 
the  proximal  end  of  each  of  the 
germinal  cells  there  grows  out  a 
process,  which,  together  with  the  cell, 
forms  a pear-shaped  structure  known 
as  the  neurohlast.  This  becomes  con- 
verted  afterward  into  a nerve  cell, 
and  the  process  becomes  its  axone. 

The  dendrites  develop  later  on.  The 

, Section  through  the  wall  of  a 

neuroblastS  shoW  a tendency  to  move  neural  tube  of  a rabblt  older  than 

outward  to  the  marginal  veil,  where  that  in  Flg.  83.  Differentiation  of 

1 T 1 • 1 1 ends  of  the  epithelial  cells. 

they  are  stopped.  ln  tlie  spinal  cord  (Barker,  after  nis.) 
these  arrange  themselves  parallel  to 

the  surface  of  the  marginal  veil,  and  on  the  ventral  part  of 
the  cord  send  out  processes  through  the  marginal  veil  to  form 
the  ventral  roots  of  the  spinal  nerves.  The  cell  bodies  become 
the  ventral  horn  cells.  The  other  neuroblasts  do  not  send 
processes  out  of  the  cord. 

The  marginal  veil  itself  later  becomes  a part  of  the  epen- 
dyma  which  is  present  in  the  white  matter  of  the  whole 
central  nervous  System. 

The  origin  of  the  peripheral  sensory  neurones  is  still  a sub- 
ject  of  much  dispute.  It  is  agreed  generally  that  these  neu- 
rones are  derived  from  the  ectoblast  at  the  ed«:e  of  the 
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medullary  plate.  Froiii  here  tlie  iieuroblastö  wander  out  and 
collect  to  form  cell  grou])ö.  The  later  development  lias  been 
worked  out  by  His.  A process  grows  from  eacli  pole,  one  cor- 
responding  witli  tlie  axone  and  tlie  otlier  witli  tlie  dendrites. 
The  axone  grows  centralward  and  penetrates  the  wall  of  the 
medullary  tube.  Here  it  develops  subsequently  into  a fibre 
which  enters  into  the  formation  of  the  dorsal  columns.  The 
dendritic  process  proceeds  in  the  opposite  direction.  By  a sub- 
sequent  cliange  in  the  sliape  of  this  bipolar  cell  the  axone  and 
dendrites  both  come  to  be  processes  from  one  outgrowth  of  the 
cell,  ln  other  words,  the  cell  becomes  unipolar  (Fig.  71). 

V.  BLOOD  AND  LYMPH. 

Blood  and  lymph  are  properly  to  be  considered  as  tissues 
consisting  of  fornied  elements  in  a fluid  intercellular  substance. 

1.  Blood. 

The  blood  of  the  higher  animals  is  a red  fluid,  which  is 
made  up  of  blood  plasma  (intercellular  substance)  and  formed 
elements  (blood  eorpuscles,  blood  ])latelets,  and  various  gran- 
ulär elements).  We  distinguish  two  kinds  of  blood-corpuscles  : 
red  (colored)  and  white  (colorless). 

Red  hlood-corpimdes  (also  known  as  erythrocytes)  contain 
the  red  coloriiig  material,  hcemoylohin,  which  gives  to  them 
and  to  thin  layers  of  blood  a stj’aw-yellow  tint.  They  are  in 
mammals  almost  without  exception  flat,  round  structures  with- 
out  a nucleus.  The  flat  surfaces  are  depressed  in  the  centre, 
giving  to  the  cell  the  general  form  of  a biconcave  lens.  The 
borders  are  rounded  and  much  thicker  than  the  centre.  ln 
optical  cross-section  the  corpuscle  is  biscuit-shaped. 

The  red  eorpuscles  vary  in  size  in  different  animals,  from 
2.5^  (in  3Ioschus  javanicus)  to  9.4^  {Elephas  indicus)  in  diam- 
eter.  ln  man  they  are  from  7.2  to  7.8^/  in  diameter,  and 
thick  at  the  thin  middle  point.  Oval  red  eorpuscles  are  found 
among  mammals  only  in  the  llama  and  the  camel.  They  are, 
however,  common  in  lower  animals.  The  red  blood-cells  of 
hshes,  amphibians,  reptiles,  and  birds,  are  oval  in  form  and 
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biconvex.  Eaeli  cell  possesses  an  oval  iiiicleiis,  wliicli  caiises  a 
thickening  in  tlie  centre.  Tliey  are  mucli  larger  tlian  in  inam- 
inals.  In  Rana  temporaria  tliey  are  22 long,  lofi  broad  ; in 
Salamandra  maculosa,  o7 p long,  2of.i  broad;  in  Proteus  san- 
(jfulneus,  58 /w  long  and  broad. 

The  red  blood-cell  in  man  consists  of  two  constituents,  a 
})rotoplasniic  part  (stroma)  and  tlie  coloring  matter  distributed 
on  this — i.  c.,  tlie  hcBmoglohin.  Anilin-stains,  such  as  eosin, 
orange  G,  etc.,  are  taken  ii[)  readily  by  lisemoglobin-containing 


cells. 

Under  tlie  inlluence  of  reagents,  red  blood-corpuscles  change 
tlieir  form  very  ipiickly.  ln  water  or  dilnte  acids  tliey  swell 
np  and  lose  tlieir  limmoglobin.  Tliey  are  tlien  colorless  and 
liardly  visible,  and  are  known  as  hlood  shadows.  Tliey  are 
decolorized  similarly  by  tlie  action  of  electricity  and  continned 
freezing.  Tannic  acid  causes  an  extrusion  of  tlie  luemoglobin 
in  small  globales.  Salt  solution  stronger  tlian  “ normal  ’’ 
causes  a slirinkage  of  tlie  cells  froni  loss  of  water.  Tliey 
beconie  irregulär  in  outline,  snnill  sliarp  prqjections  appearing 
everywbere ; and  are  said  to  be  crenated  (Fig.  85,  /). 


Fio.  85. 


(’olored  bluod-cells  \a~tj)  and  hiood-platelets  (/t  i.  x SOO. 

a-c,  red  blood-cells  of  frog:  a,  seen  troiii  above ; b,  clianged  l).v  additioii  of  water; 

c,  seen  froni  tbe  side. 

d-g,  red  blood-cells  of  man  : d,  on  deep  focnssing  ; di,  on  high  focussing  ; e.seen  froin 
tbe  side;  f,  crenated;  g,  rouleau  of  blood-cells ; h,  blood-platelets. 

Red  blood-corpuscles  liave  a considerable  degree  of  elasticit  v, 

so  tliat  tliey  can  be  mucb  clianged  by  being  forced  tlirougli 

narrow  spaces  and  still  regain  tlieir  original  sbape.  For 
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example,  a corpuscle  may  be  pressed  against  tlie  poirit  of 
division  ol  a capillary,  or  be  crowded  witli  maiiy  otliers  in  a 
iiaiTow  vessel.  Tliis  may  easily  be  observed  in  tlie  mesentery 
of  a recently  killed  frog. 

Wlien  blood  is  spread  in  a tliick  layer  on  a slide  and  exam- 
ined  wliile  fresli,  one  alniost  always  sees  tlie  so-called  rouleaux 
— i.  e.,  cells  lying  upon  one  anotlier,  as  coins  do.  Tliis  con- 
dition is  probably  never  present  in  circulating  blood.  On 
being  slied,  tbe  blood-corpnscles  seem  to  be  clianged  in  some 
way  tliat  causes  tliem  to  adliere  to  one  anotlier.  In  a 
properly  prepared  tliin  specimen  of  blood  rouleaux  never  are 
seen. 

The  number  of  blood  corpuscles  present  in  1 cubic  milli- 
metre  of  blood  varies  in  different  animals,  and  ranges  frorn 
33,000  in  Proteus  to  19,000,000  in  Capra  liivcus. 

In  man  tbe  number  of  erythrocytes  in  1 cubic  millimetre  is 
about  5,000,000.  Tliis  varies  under  normal  conditions.  The 
number  is  greatest  just  after  birth,  and  decreases  slightly  with 
age.  AVith  low  atmosjiheric  pressure  it  increases.  Marked 
changes  are  noticed  in  various  diseases. 

Vihite  [colorless)  blood- corpuscles  (also  called  leucocytes)  are 
nucleated  cells  possessing  no  cell  membrane.  The  protoplasm 
may  be  abundant,  or  very  small  in  quantity.  Düring  life  these 
cells  have  no  constant  form,  being  anioeboid,  but  after  death 
they  assume  a round  outline.  Their  size  varies  considerably, 
from  about  that  of  a red  blood-corpuscle  to  three  times  that 
size.  Their  number  in  man  is  from  7000  to  9000  in  1 cubic 
millimetre.  This  number  undergoes  changes  under  physiolog- 
ical  conditions.  It  is  dependent  on  the  food  taken  in.  After 
several  hours  of  fasting  it  is  much  smaller,  while  after  a full 
meal  there  is  what  is  known  as  a digestion-leucocytosis.  There 
is  similarly  a leucocytosis  (an  increase  in  leucocytes)  in  niany 
febrile  diseases.  In  rabbits  the  blood  from  peripheral  vessels 
contains  more  leucocytes  than  that  from  the  central  ones. 

Similar  cells  are  found  in  the  lymph,  adenoid  tissue,  bone- 
marrow,  and  distribiited  throughout  connective  tissue  and 
epithelial  tissue  (wandering  cells).  The  white  corpuscles  are 
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present  in  tlie  circiilating  blood,  especially  at  tlie  periplieiy  of 
die  stream — i.  e,,  iiear  tlie  vessel  walls.  i bey  can  tliiis  easily 
leave  tlie  vessel  by  pusliing  in  between  the  endothelial  cells  and 

reacliing  die  eonnective  tissue  (diapedesis). 

Tliere  are  inaiiy  kinds  ol  leucocytes  to  be  distinguislied, 
and  tliese  niay  be  divided  accordiiig  to  their  general  form  and 
tlie  cliaracter  of  tlieii*  iiuclei  into  die  followiiig  groiips : 

1.  Small  Monoaaclear  Leucocytes  [Lyinphocytes).  fliese  are 
cells  about  tlie  same  size  as  a red  blood-corpuscle,  sometimes  a 
little  smaller  and  sometimes  a little  larger.  llieir  j)rotoplasm 
is  very  small  in  quantity,  sliglitly  granulär,  and  arranged  like 
a ring  around  the  iiucleus.  It  stains  not  very  deeply  in  acid 
dyes.  The  nucleus  is  large  in  j)roportion  to  the  size  of  tlie  cell 
and  takes  a deep  stain.  The  ehroniatin  is  in  lar  ^e  mak_ses  so 
arranged  tliat  the  nucleus  seems  to  be  niapped  out  in  areas. 
This  has  ofiveii  rise  to  the  term  checker-board  nucleus.  fliese 

O 

cells  are  recogiiized  readily  in  stained  preparations  by  their 
deeply  staining  characteristic  nucleus,  and  their  almost  in  visible 
protoplasm.  They  form  about  20-30  per  cent.  of  all  the  leu- 
cocytes in  the  blood.  They  are  identical  also  with  the  lympho- 
cytes  which  niake  up  the  lymphoid  masses  in  the  intestine, 
ly  mph  glands,  toiisils,  thymus,  and  spieen. 

2.  Large  mononuclear  leucocytes  are  cells  very  much  larger 
than  lymphocytes.  The  protoplasm  is  very  abundant,  usually 
clear,  and  capable  of  taking  only  a faint  eosin  coloring. 
Occasionally  graiiules  of  various  kinds  are  present.  The 
nucleus  is  large,  oval,  and  somewhat  vesicular.  ft  is  situated 
usually  peripherally,  and  stains  very  faintly  in  basic  dyes. 
Tliese  cells  form  about  4-8  per  cent.  of  all  the  leucocytes  in 
normal  blood. 

3.  Transitional  leucocytes  are  not  usually  so  large  as  the 
large  mononuclears.  They  are  characterized  mainly  by  the 
horseshoe-shaped  nucleus.  This  is  a nucleus  staining  fairly 
deeply,  not  constricted  in  aiiy  place,  but  beiit  either  sliglitly  or 
in  the  form  of  the  letter  U.  These  cells  may  contain  various 
kinds  of  graiiules  in  their  jirotoplasm. 

4.  PolymorphoYiuclear  leucocytes  are  so  naiiied  from  the 
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form  of  the  nucleus.  Tliey  are  somewhat  smaller  thaii  tlie 
large  mononuclear  cells,  and  are  irregulär  in  outline.  Their 
protoplasm  varies  in  appearance  aceording  to  the  cliaracter  of 
the  granules  present  (see  below).  The  nucleus  is  absolutely 
eharacteristic.  With  low  powers  it  seenis  to  be  made  up  of 
three  or  foui*  small  se])arate  nuclei,  which  usually  are  arranged 
in  a semicirele  at  the  ed^e  of  the  cell.  On  examination  with 

O 

higher  powers,  however,  these  nuclei  are  always  seen  to  be 
parts  of-one  nucleus,  and  to  be  joined  together  by  fine  strands. 
They  stain  very  deeply  in  nuclear  dyes,  and  can  readily  be 
recognized  in  any  tissue.  These  cells  form  about  62-70  per 
Cent,  of  the  leucocvtes  in  noianal  blood,  and  are  found  as  wan- 
dering  cells  everywhere  in  the  body.  They  are  found  more  or 
less  abundantly  in  all  inflammatory  processes,  and  are  the  main 
cellular  constituent  of  pus.  They  possess  a s[)ecial  ])ower  of 
taking  up  and  either  digesting  or  rendering  innocuous  bacteria 
and  foreign  bodies  in  the  tissues.  This  was  studied  specially 
by  Metchnikofi‘,  and  was  called  by  hini  pha^oci/fosis. 

The  cells  belonging  to  these  four  groups  of  leucocytes  may 
contain  in  their  ])rotoplasm  various  granulations,  which  have 
beeil  classified  by  Khrlich  aceording  to  their  staining  properties. 
Ehrlich  divides  all  anilin-dyes  into  three  groujis,  namely:  acid, 
basic,  and  neutral  dyes,  aceording  as  the  coloring  principle  is 
an  acid  (as  in  ammonium  picrate),  a base  (as  in  rosanilin  ace- 
tate),  or  a combination  of  a basic  and  an  acid  dye  (as  in  rosani- 
lin picrate).  The  most  common  acid  stains  are  eosin,  orange  G, 
acid  fiichsin,  aurantia,  etc.,  while  the  basic  dyes  ordinarily  used 
are  methylene-blue,  rnethyl-green,  safranin,  etc.  Speaking  gen- 
erally,  acid  dves  color  the  protoplasm,  and  basic  dyes  the  nuclei 


of  cells. 

Ehrlich  distinguishes  fiv^e  different  kinds  of  granulations, 
and  names  them  by  the  Greek  letters  a,  /3,  y,  s. 

1.  a {aculophile,  eosinophile)  granulations  are  usually  coarse 
and  highly  refractive,  and  are  fouiul  mainly  in  polymorpho- 
nuclear  leucocytes.  They  stain  brightly  in  eosin,  aurantia, 
indulin,  nigrosin,  orange  G,  etc.  In  normal  luiman  blood  they 
are  found  in  very  small  numbers  (0.25-4  per  cent.),  but  in- 
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crease  enoriiiously  in  öome  aiia3miaö,  and  especially  in  trichi- 


nosis. 


2.  ß {amphopliile)  granulations  are  colored  botii  by  acid  and 
basic  dyes.  They  appear  as  very  fine  grau  nies.  Tliey  occur 
in  tlie  bone-marrow,  but  not  in  tiie  normal  blood  of  man.  Tliey 
are  found,  liowever,  in  tlie  blood  of  gninea-pigs,  rabbits,  cliick- 


ens,  etc. 

3.  y granulations  are  quite  coarse  and  stain  in  basic  dyes. 
Cells  containing  tliese  are  called  3Iastzellen,  and  occur  very 
seldom  in  normal  human  blood,  but  are  abundant  in  leuksemia. 
Tliey  are  found  usually  in  tlie  blood  of  lower  animals,  and  are 
abundant  in  connective  tissue.  Tliey  can  be  stained  best  by 
the  violet  basic  dyes : dalilia,  gentian-violet,  metliyl-violet,  etc. 

4.  h (basophile)  granulations  are  fine  granules,  occurring 
mainly  in  large  mononuclear  leucocytes  in  human  blood. 
They  stain  in  basic  dyes,  and  especially  well  in  methylene- 
blue. 

5.  6 (neuirop/iile)  granulations  are  small,  and  are  colored 
only  in  neutral  dyes  and  with  mixtures  of  acid  and  basic  dyes 
[e.  g.,  acid  fuchsin  with  methyl-green,  or  acid  fuchsin  with 
methylene-blue).  They  are  found  in  the  great  majori ty  of 
polymorphonuclear  leucocytes. 

As  to  the  nature  of  these  different  kinds  of  leucocytes, 
various  views  are  held.  According  to  some,  all  are  derived 
from  one  common  form,  and  are  not  to  be  considered  as  differ- 
ent cells.  Others  claim  that  they  are  entirelv  distinct  cell 
types,  and  that  each  has  a special  organ  to  which  it  belongs 
{e.  g.,  lyrnphocytes  in  the  lymph  glands,  myelocytes  in  the 
bone-marrow,  splenocytes  in  the  spieen). 

Blood- plateleis  are  small,  colorless,  round  or  ellipsoid  bodies 
of  unequal  size,  usually  about  one-third  the  diameter  of  a red 
blood-cell,  first  described  by  Hayern,  Bizzozero,  and  Osler. 
They  possess  no  nucleus,  and  their  place  as  inde])endent  mor- 
phological  constituents  of  the  blood  has  been  denied  by  many 
authoi*s.  Some  regard  them  as  portions  of  other  blood  cells. 
According  to  most  writers,  they  play  an  important  rble  in  the 
coagulation  of  blood.  As  soon  as  blood  is  shed,  they  disappear, 
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and  caiinot  be  foiind  in  an  ordinary  fresli  blood  specinien. 
Cliimps  of  debris,  wliicli  probably  represent  their  remains,  are 
seen  usually.  By  pricking  tlie  finger  tliroiigli  a drop  of  osmic 
acid  or  nietbyl-violet,  tliese  bodies  can  be  preserved.  The 
nninber  in  1 cubic  millimetre  is  given  by  sonie  authors  as 
200,000,  by  otliers  as  mucli  as  (535,000. 

Everywhere  in  normal  liuinan  blood  tliere  are  small  lat 
globales  and  other  fine  colorless  granules,  known  as  blood  dust 
or  hcemokonien  (H.  F.  Müller).  Tlieii*  size  is  usually  less  tlian 
1^,  and  their  function  and  significance  are  unknown.  The  fat 
globales  probably  come  from  the  chyle. 

Hisiogenesis  of  Blood. 

Concerning  the  development  of  blood-cells  there  is  a great 
diversity  of  opinion.  Some  authors  claim  that  they  are  of 
mesodermal  origin,  while  others  trace  their  origin  to  the  ento- 
derm.  Tliere  is  also  discussion  as  to  whether  or  not  red  and 
white  blood-cells  have  the  same  origin. 

We  shall,  first  of  all,  speak  of  the  development  of  the  red 
corpuscles  of  mammals.  The  cells  from  which  these  arise,  the 
so-called  eryibrohlasts,  are  inund  nucleated  cells  somewhat 
larger  than  the  erythrocyte,  ])0ssessing  a homogeneous  proto- 
plasin  which  contains  luemoglobin.  The  origin  of  the  erythro- 
blasts  and  the  way  in  which  they  accpüre  their  höemoglobin  are 
not  known  definitely.  They,  however,  increase  by  indirect 
division  and  pass  over  into  the  form  of  erythrocytes.  In 
mammals  this  involves  the  loss  of  the  nuclens,  for  in  the  new- 
born  all  the  red  blood-cells  are  non-nucleated,  \\hile  in  em- 
bryos  the  nnijority  of  the  blood-corpuscles  possess  nuclei. 
Some  authors  believe  that  the  nucleus  is  simply  extruded  from 
the  cell,  and  have  not  only  followed  all  stages  in  the  extiusion, 
but  also  have  observed  free  nuclei  in  the  blood.  Other  inves- 
tigators,  on  the  contrary,  claim  that  the  nucleus  disintegrates 

in  the  cell  and  disappears. 

The  development  of  red  blood-corpuscles  in  embryonal  life 
takes  })lace  in  the  liver,  the  walls  of  the  umbilical  vesicle,  the 
ly  mph  glands  (exceptionally),  the  spieen  pulp,  and  the  bone 
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maiTOw.  The  forniatioii  of  erythrocytes  in  the  spieen  and 
liver  takes  place  in  einbryonic  life.  In  the  adult  individual  it 
is  exclusivelv  iu  the  boue-uiaiTow. 

t/ 

The  colorless  blood-corpuscles  (leucocytes)  are  derived, 
according  to  some  authors,  from  a different  kind  of  cells  which, 
in  contradistinction  to  ervthroblasts,  are  called  leacoblasts. 
Originally  the  einbi*youic  blood  coutains  no  leucocytes.  These 
come  later,  after  the' development  of  the  lyrnph  glaiids.  ln 
post-embryonic  life  leucocytes  iiicrease  in  connective  tissue  and 
in  the  so-called  germinal  centres  (see  below),  which  are  present 
in  adenoid  tissue. 

It  is  believed  alinost  generally  now  that  the  polymorphonu- 
clear  leucocytes  are  derived  froin  the  inyelocytes  of  the  bone- 
marrow ; and  that  lyinphocytes  arise  in  the  germinal  centres 
of  the  lymph  glands.  Uskow  and  others  regard  the  polymor- 
phonuclear  leucocytes  as  the  terminal  stage  in  the  development 
of  leucocvtes,  and  that  the  other  forms  coustitute  a series  which 
leads  up  to  this  stage. 

The  blood  as  a whole  has  two  main  functions,  namely,  to 
carry  oxygen  to  the  various  pai*ts  of  the  body  from  the  lungs, 
and  to  carry  waste  products  to  the  different  excretory  organs. 
As  mentioned  above,  the  white  corpuscles  have  a protective 
action  in  the  so-called  phagocytosis.  According  to  some 
authors,  they  not  ouly  are  capable  of  surrouiiding  and  digestiug 
bacteria,  etc. ; but  they  also  secrete  a substance  (alexine)  which 
is  a po werful  poison  for  bacteria. 

The  coagulation  of  blood,  which  takes  place  as  soon  as  it 
leaves  the  vessels,  or  in  the  vessels  after  death,  is  dependeiit  on 
the  formation  oi  fihr in.  Details  concerning  this  process  should 

be  sought  fo]*  in  works  on  physiology.  Fibrin  appears  in  thin 
layers,  in  the  form  of  fine  fibrils  which  form  a network.  This 
forms  the  clot  which  is  characteristic  of  coagulated  blood,  and 
coutains  within  the  meshes  of  the  fibrin  network  all  the  formed 
elements  of  the  blood. 

Hfßmoglohin,  the  coloriug  matter  of  the  red  corpuscles,  sepa- 
rates in  most  animals  under  certain  conditions  in  the  form  of 
rhombic  crystals.  Such  crystals  are  found  in  old  alcoliolic 
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pre2)aratioiis  in  the  blood-vessels,  in  tlie  red  blood-celLs  of  tlie 
bony  lislies,  and  sonietimes  in  tlie  liver  cells. 

Jlcümoglqhin  is  easily  broken  up  into  hwmatm^  limuatoidin, 
and  hcemin.  The  first  is  amor})lious,  biit  the  other  two  may  be 
crystallized.  Hiematoidin  appears  in  the  form  of  rhombie 
prisms  of  an  orange-red  color.  These  are  found  in  all  extrav- 
asations  of  blood  {e.  (j.,  in  the  eor^^us  Inemorrhagicum  of  the 
ovary,  and  in  clots  on  the  brain).  Haeinin  occui*s  in  the  form 
of  rhombie  plates  lying  singly  or  erossed  to  form  stars.  These 
are  called  Teichmann^ s ci'ystals.  They  are  colored  mahogany- 
brown,  and  can  be  obtained  even  in  blood  which  has  been  dried 
for  a long  time.  They  are  thus  of  forensic  significance. 
Their  denionstration  shows  the  undoubted  presence  of  blood, 
but  it  does  not  determine  tliat  the  blood  is  necessarily  human, 
ln  making  this  hmmin  test  for  blood,  a small  crystal  of  common 
salt  and  two  drops  of  glacial  acetic  acid  are  placed  on  a slide 
with  the  snspected  material.  This  mixture  is  heated  to  boil- 
ing-|)oint  until  the  acid  is  almost  evaporated,  and  is  then 
examined  with  high  magnification. 


2.  Lymph. 

The  Ivmph  is  a colorless  fiuid  whose  only  cellular  elernents 
are  the  colorless  cells  called  lymphocytes,  Thereare  also  found 
in  it  ])cirticles  of  tat  which  after  fat  digestion  give  to  it  a white, 
milky  ajipearance.  Tlie  fiuid  jmrt  of  lymph  is  called  lymph 
|)lasma. 


PART  II. 

MTCROSCOPIC  ANATOMY  OF  THE  ORGANS. 


In  tliis  sectioii  vve  luive  to  deal  witli  tlie  striictnre  ol  orgaiis 
I whicli  are  built  up  of  tlie  tissues  wldcli  liave  beeii  studied. 
Some  of  these  orgaiis,  it  will  be  seen,  are  made  up  of  all  tlie 
different  tissues,  wliile  others  are  much  more  simple.  A fea- 
ture  to  wbich  special  attention  will  be  directed  is  the  unitai*y 
structure  of  many  of  tlie  organs.  In  otlier  words,  tlie  tissues 
are  grouped  togetlier  into  units,  wliicli  are  repeated  many  tinies 
’to  form  tlie  wliole  organ.  These  may  be  secretory,  excretory, 
or  circulatory  units. 

The  oro-ans  will  be  treated  in  the  following  order : 

I.  Circulatory  System. 

II.  Alinientary  System. 

III.  Kespiratory  System. 

IV.  Urinary  System. 

V.  lieprodiictive  System  (sexual  organs). 

VI.  Motor  System  : 

1.  Skeletal  System. 

2.  Muscular  System. 

VII.  Nervous  System  and  sense  organs. 

I.  CIRCULATORY  SYSTEM. 

Under  this  lieading  it  is  necessary  to  take  up  the  heart, 
blood-vessels,  lymph-vessels,  and  blood-forming  organs — i.  e., 
the  lymph  glands,  spieen,  thymus,  bone-marrow,  and  those 
diictless  glands  whose  internal  secr^tion  is  poured  into  the  cir- 
culatory System  and  exercises  on  it  a profound  influence — i.  e., 
the  thyroid,  adrenal,  pituitary  body,  and  carotid  gland. 
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l.  BLOOD  VASCULAR  SYSTEM. 

Tliis  whole  System  is  liiied  witli  eiidothelium,  wliieli  forms 
a complicated  epithelial  or  endothelial  tube.  Tlie  lieart  is 
much  thickened  outside  this  tube  by  muscular  development, 
while  the  capillaries  cousist  of  the  endothelial  tube  alone.  The 
thicker  vessels  have  the  so-called  accessory  coats,  which  are 
divided  into  intiina,  media^  and  adventitia. 


(//)  Capillaries. 

These  are  very  small  vessels  with  a diameter  of  between 
7 and  15  y,  situated  between  the  venous  and  arterial  Systems. 
The  wall  cousists  of  a singde  layer  of  flat  eiidothelium,  the  cells 
of  which  are  joined  together  by  a small  quantity  of  cement 
substance,  which  is  easily  demonstrated  by  meaus  of  silver 
nitrate.  The  outlines  of  these  cells  are  shown  in  Fig.  93,  and 
are  seen  to  be  irregulär  and  jagged.  They  are  arranged  usually 
with  their  long  axes  parallel  to  that  of  the  vesseh  The  nuclei 
are  arranged  similarly  and  show  a small  collection  of  proto- 
[)lasm  in  their  immediate  neighborhood.  Stigmata  and  stomata 
(small  openings  between  the  cells)  are  seen  frequently.  The 
thinness  of  the  walls  allows  difliision  and  osrnosis  to  go  on 
freely,  which  is  of  gi’eat  importance  in  the  body  metabolism. 

The  capillaries  anastomose  freely  with  one  another,  formiiig 
a network  which  is  easilv  ^een  in  the  mesenterv  In  muscle 
the  meshes  of  this  network  are  long  and  narrow.  ln  the  liver 
they  are  much  sm aller. 

The  vessels  which  ])ass  over  from  the  capillailes  to  the 
arteries,  on  the  one  hand,  and  to  the  veins  ou  the  other  hand, 
are  known  jwecapillary  arteries  and  veins. 

The  new  formation  of  capillaries  is  seen  best  in  the  greater 
Omentum  of  young  animals  (Fig.  80).  From  already  devel- 
oped  capillaries  ])rotoplasmic  sprouts  brauch  ofl*  and  extend 
into  the  snrrounding  tissue.  These  sprouts  are  the  result  of 
karyokinetic  division  of  the  endothelial  cells.  They  begin  to 
become  hollow  and  to  form  a blind  canal,  which  meets  another 
sirnilar  sprout  and  joins  with  it,  the  lumeu  becoming  con- 
tinuous  in  the  two.  Other  authors  describe  special  vasoforma- 


ARTERIES. 


123 


tive  cells,  whicli  form  capillaries  independently  of  alieady 
existiiig  vessels  (Kaiivier).  These  cells  are  associated  witli  tlie 
so-called  intracellulär  development  of  red  blood-corpiiscles.  In 
their  protoplasm  are  to  be  found  well-formed  red  cells,  as  well 
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Piece  of  the  omentnra  majus  of  an  eight  day  do^’a  embryo,  seen  from  the  surface,  X 180. 


as  granules  containing  bsemoglobin.  Sig.  Mayer  considers 
tbese  cells,  on  tbe  contrary,  to  be  tbe  residt  of  degenerative 
changes  in  capillaries,  and  clainis  tbat  tbe  lucmoglobin-con- 
taining  granules  are  brokeii-down  erytbrocytes. 


(h)  Arteries. 

Tbe  precapillary  arteries  sbow  only  a tbin  sbeatb  of  con- 
nective  tissue  or  a structureless  elastic  membrane  outside  tbe 
endotbelial  tube.  Tbe  accessory  coats  becoine  tbicker  as  tbey 
approacb  tbe  beart.  Tbose  of  tbe  smaller  arteries  begin  as  a 
tbin  discontinnous  layer  of  smootb  miiscle  cells  circularly 
arranged  aroiind  tbe  sbeatb  of  connective  tissue  wbicb  covers 
tbe  endothelial  tube.  In  somewbat  tbicker  srnall  arteries  tbe 
muscle  cells  form  a definite  circular  coat  (Figs.  87  and  88).  In 
the  longitudinal  section  of  such  an  artery  tbe  muscle-cell 
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iiuclei  eaii  be  seeii  to  ruii  at 
eiulothelial  cells  (Fig.  87). 
contaiiis  many  elastic  Hbres 


right  angles  to  tlie  iiuclei  of  the 
The  inner  connective-tissue  coat 
which  are  fused  together  to  form 


Fig.  87. 


Coniiective  tissne  nuclei  of 
t.  adventitia 


jSudei  of 
circular 
muscle  layer 


Muscle  nuclei 
cut  transversely 


Nuclei  of  endothelial  layer 


Longitudinal  section  of  a small  artery  from  the  lymph  gland  of  a cat.  X 600. 


the  so-called  fenestrated  inembrane  of  Henle.  This  forms  the 
innermost  coat  of  the  intiina,  and  in  cross-section  has  the 
appearance  of  a wavy  refrn(4iv(^  line  running  aronnd  the  lumen 


Fig.  88. 
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of  the  vessel.  It  is  colored  bright  yellow  in  any  staiii  contain- 
ing  picric  acid  {e.  g.,  van  Gieson’s  üuid).  From  fresh  arteries 
it  can  be  dissected  out,  and  pieces  of  the  membrane  of  a con- 
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siderable  size  can  be  obtained.  These  liave  a peeiiliar  feries- 
trated  appearance,  elear  uiistainable  areas  being  present 
througliout.  Tliey  are  due  to  tlie  fact  tliat  tlie  mein  braue  is 
made  iip  of  tliree  layers,  of  wliicli  the  middle  can  be  stained 
with  magenta,  and  tlie  other  two  not.  At  the  fenestra  the 
middle  layer  is  absent.  As  described  above,  the  individual 


Part  of  a cross-sectioii  of  the  femoral  artery  of  a dog.  X 150. 

elastic  fibres  consist  of  a central  stainable  part  and  a capsule 
which  does  not  take  up  the  dye.  By  the  fusion  of  maiiy  of  these 
fibres  the  membrane  with  three  coats  is  formed,  the  two  outer 
coats  corresponding  with  the  capsules  of  the  fibres  (iNIall). 

The  media  consists  of  circular  layers  of  smooth  muscle 
fibres,  and  the  adventitia  is  made  up  of  connective  tissue. 

A medium-sized  artery  (Fig.  89)  is  composed  of  three  dis- 
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tinct  coats : the  intima,  niedia,  and  adventitia.  The  intima 
eoiisists  of*  a tliin  connective-tissue  layer  imniediately  snrround- 
ing  the  endothelial  tiibe,  and  Henle’s  fenestrated  membrane  or 
the  elastica  interna.  Around  this  is  a thick  layer,  the  media, 
eonsisting  largely  of  srnooth  imiscle,  bot  containing  as  well 
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many  white  fibrous  and  elastic  connective-tissue  Strands.  The 
muscle  runs  circularly,  and  is  arranged  in  layers  separated  by 
connective  tissue  in  the  form  of  concentric  bands  of  elastic 
tissue  (Fig.  89}.  There  are  often  seen  longitudinal  Strands  of 
muscle  between  tlie  circular  lavers.  The  outermost  sheath,  the 
adventitia,  is  composed  largely  of  connective  tissue  and  muscle. 
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It  is  usually  separated  froni  tlie  media  by  a mure  or  less  distinct 
elastic  luembrane,  tlie  elastica  externa.  The  fibres  ol  the  adven- 
titia  are  divided  rouglily  into  two  layers.  The  elastic  fibres  of 
the  inner  layer,  next  the  media,  rnn  circnlarly,  while  those  in 
the  onter  layer  are  longitudinal.  Between  the  connective-tissue 
coats  of  the  inner  layer  are  longitudinal  bands  of  smooth 
muscle.  Vasa  vasorum  are  present  in  the  media  and  adventitia. 

Arteries  of  large  calibre  [e.  g.,  carotid,  aorta,  etc.)  cannot 
be  so  distinctly  divided  into  layers  (Fig.  90).  The  endothelial 
tube  is  made  up  of  short  polygonal  cells.  The  intim a consists 
of  a subendothelial  connective-tissue  sheath,  and  the  elastica 
interna.  The  subendothelial  sheath  is  made  u])  of  white  connec- 
tive-tissue fibrils  and  elastic  fibres.  The  elastica  interna  is  not 
ii  firm  homogeneoLis  membrane,  but  is  s})lit  up  into  several 
lamellse,  and  in  some  places  is  only  a simple  layer  of  elastic  fibres. 

The  media  contains  a great  many  membrane-like  masses  of 
•elastic  tissue,  and  thick  elastic  fibres.  Between  these  are  bun- 
dles of  smooth  muscle  fibres.  The  adventitia  is  similar  to  that 
of  medium-sized  arteries.  The  elastica  externa  is  wantins:  in 
the  aorta. 

The  arteries  in  the  skull  cavity  have  no  elastic  elements  in 
the  media.  This  perhaps  explains  why  they  are  more  likely 
to  yield  to  pressure  than  other  arteries.  The  elastica  externa 
is  not  present  in  theni,  but  there  are  circular  elastic  fibres  in 
the  inner  coat  of  the  adventitia. 


(c)  Veins. 

The  important  features  which  distinguish  veins  froni  arteries 
are  the  weak  development  of  the  media  in  the  former,  the 
small  amount  of  elastic  tissue,  and  the  strong  development  of 
dhe  adventitia.  There  is  also  a marked  lack  of  nniformity  in 
veins  of  the  same  size.  The  same  three  coats  may  be  spoken  of 
as  in  arteries,  namely,  intima,  media,  and  adventitia.  The 
Intima  is  a connective-tissue  layer  containing  only  a few  elastic 
fibres.  In  the  larger  vessels  there  are  often  bands  of  muscle 
running  in  various  directions,  and  a layer  of  elastic  tissue 
which  may  take  on  the  form  of  a membrane.  The  latter  is 


128 


MICROSCOriC  ÄNATOMY  OF  TlIF  ORGANS. 


iiever  as  sliarply  inarked  as  tlie  fenestrated  niembrane  of  arte- 
lies.  J he  viedia  of  veins  is  developed  weakly  in  coniparison  witli 
tliat  of  aiteries  (kig.  92).  It  coiisists  of  a few  circular  muscle 
bands  separated  by  tliin  elastic  fibres.  The  veins  of  the  lower 
extremities  possess  the  most  strongly  developed  media.  It  rnay 
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be  qiiite  wanting  in  others  (ö. vena  cava  superior,  subclavian, 
veins  of  pia  and  dura  inater,  veins  of  bones,  retinal  veins,  etc.). 
The  adventitia,  on  the  contrary,  is  usually  strongly  developed. 
It  consists  of  white  connective-tissue  and  elastic  fibres,  with  often 
well-developed  longitudinal  smooth  muscle  bundles  (Fig.  92). 

The  valves  of  the  veins  are  derived  from  the  intima,  and, 
like  it,  consist  of  connective  tissue  and  elastic  fibres.  Their 
surface  is  covered  by  cells  of  the  endothelial  tube,  which  on 
the  inner  side  toward  the  blood  stream  are  lono',  and  on  the 


other  side  polygonal.  On  the  inner  surface  of  the  valves  there 
is  linder  the  endothelial  cells  a network  of  fine  elastic  fibres. 

The  main  points  of  distinction  between  arteries  and  veins 
are  the  followin«*:  The  walls  of  arteries  in  relation  to  the  size 

O 

of  their  lumina  are  much  thicker  than  in  veins.  The  elastic 
tissue  and  muscle  elements  in  the  media  are  more  strongly 
developed  in  arteries.  After  death  the  muscle  of  the  media 
contracts,  and  in  arteries  throws  the  intima  and  elastica  interna 
into  folds,  giving  it  a wavy  appearance  in  cross-section.  Veins 
usually  contain  a small  quantity  of  blood  after  death;  arteries 
are  often  empty.  These  differences  are  illustrated  by  Fig.  88. 
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All  the  niedium-sized  and  large  bluod -vessels  are  supplied 
witli  small  vessels  (vasa  vasorum)  wliicli  supply  tlieir  walls 
witli  blood.  They  run  in  the  adventitia,  ^ind  only  to  a small 
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extent  in  the  media.  They  never  reach  to  the  intima.  Small 
blood- vessels  are  often  siirrounded  by  ly  mph  capillaries,  and 
sometimes  by  endothelium-lined  spaces  whieh  are  in  communi- 
cation  with  the  lymphatic  System.  ’ These  are  called  perivas- 
cular  lymph  spaces,  and  are  fonnd  in  the  central  nervous 
System,  bones,  etc. 

The  vessel  walls  are  also  supplied  with  nerves.  Mednllated 
and  non-medullated  fibres  form  a network  in  the  media,  and 
may  end  in  any  of  the  accessory  coats.  Capillaries  are  snr- 
roimded  usually  by  a fine  network  of  nerve  filarnents. 


{(I)  The  Heart. 

The  heart  is  a mnch  complicated  part  of  the  circulatory 

System,  with  walls  that  are  made  up  of  three  main  layers : 
9 
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1.  JindocardiuNi ; 2.  Myocardium ; and  3.  EpicAirdium  (vis- 
ceral layer  of  tlie  pericardiuni). 

(1)  The  endocardium  is  a coniiective-tissue  membrane 
wliicli  contains  sniootli  iiiuscle  and  elastic  tissue  fibres.  It  is 
sitiiated  iininediatelv  outside  the  endothelial  sac  which  lines 
the  cavity  of  tlie  lieart.  The  endocardium  is  spoken  of  usually 
as  including  both  the  endothelial  layer  and  the  sraooth  muscle 
and  elastic  hbres  outside  it.  The  cells  making  up  the  endo- 
thelial layer  are  polygonal,  and  are  continuous  with  the 
endothelial  linin«:  of  the  vessels. 

(2)  The  myocardium  forms  the  main  part  of  the  heart  wall. 
The  layer  is  much  thicker  in  the  left  ventricle  than  elsewhere. 
The  filier  structure  of  the  muscle  cells  has  already  been  de- 
scribed.  ßv  ioinino;  toe:ether  laterallv  the  branched  cells  form 
a network,  the  strands  of  which  are  bound  together  by  con- 
nective  tissue.  The  course  of  these  strands  of  cells  is  not  the 
same  in  different  parts  of  the  heart  wall,  ln  the  auricles  we 
find  a sujierlicial  layer  common  to  both,  and  a deejier  layer 
belonging  to  each  chamber.  In  the  ventricles  the  most  super- 
ficial layers  are  seen  to  run  at  right  angles  to  the  deepest. 
ßetween  these  there  are  fibres  in  all  stages  of  transition.  At 
the  a])ex  they  form  a Avhorl  or  vortex,  disappearing  from  the 
surface  in  the  deptlis.  This  very  complicated  structure  is  much 
simplified  by  a study  of  embryonic  liearts  by  macerating 
methods.  If  hearts  be  taken  from  pigs'  embryos,  about 
150  mm.  in  length,  and  macerated  in  nitric  acid  (commer- 
cial),  1 part;  glycerin,  2 parts;  water,  2 parts,  the  con- 
nective  tissue  binding  the  muscle  strands  together  is  dis- 
solved  or  destroved.  The  course  of  the  fibres  may  then  be 
traced  by  dissection,  and  has  been  described  in  some  detail 
(J.  B.  MacCallum).  The  superficial  fibres  are  found  to  have 
their  origin  in  either  auriculoventricular  ring,  to  wind  about 
the  heart  spirally,  and  to  end  in  tendons  of  the  papillary 
muscles  of  the  opposite  ventricle.  The  deep  layers  also  begin 
in  the  tendon  of  one  auriculoventricular  ring,  pass  around  to 
the  interventricular  se])tum,  cross  over  forward  or  back  ward 
in  this  septum,  and  end  in  the  papillary  muscles  of  the  other 
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veiitricle.  Pnictieally  iione  of  tlie  Strands  ol  fibres  begin  and 
end  in  tlie  saine  veiitricle.  It  will  tlius  be  seen  that  the  lieart 
is  made  np  of  varions  layers  of  innscle,  all  of  wliicli  liave  tlieir 
origin  in  tlie  tendon  of  the  anricnloventricular  ring  of  one  side, 
and  end  in  the  tendon  of  a papillary  mnscle  of  the  other  side. 
'riieir  fibres  in  passing  over  in  the  septnin  thns  take  a scroll- 
shaped  conrse.  In  the  light  of  this,  the  heart  consists  of  several 
bands  of  inuscle  witli  tendons  at  each  end,  rolled  up  like  a 

scroll  or  like  the  letter  S.  At  the  sanie  time  it  is  to  be 

observed  that  the  growing  points  in  a very  young  heart  are 
just  Linder  the  endocardium.  Karyokinetic  figiires  are  found 
there,  and  the  cells  in  that  region  are  younger  than  at  the 
periphery  of  the  heart.  If  the  heart  be  then  nn rolled,  these 
growing  points  woiild  appear  at  each  end  of  the  bands  of 
mnscle  that  make  np  the  heart.  For  a more  detailed  descri])- 
tion  of  this  dissection  of  the  heart,  the  reader  is  referred  to  the 
orisfinal  article. 

In  the  mnscle  of  the  heart  wall  there  is  a rieh  network  of 

blood  capillaries,  which  rnn  parallel  to  the  fibres  and  send 

branches  which  surround  them. 

Elastic  tissue  is  found  abundantly  in  both  the  auricles  and 
ventricles. 

The  annuli  fibrosi,  which  consist  of  firm  connective  tissue 
containing  elastic  fibres,  separate  the  mnscle  of  the  auricles 
from  that  of  the  ventricles,  and  form  a place  of  attachment  for 
those  muscles. 

(3)  Ejyicardium  is  a connective-tissue  membrane  rieh  in 
elastic  fibres.  Under  it  there  is  usually  a quantity  of  fat, 
which  is  gathered  in  masses  in  certain  places.  The  upper  sur- 
face  of  the  epicardium  is  covered  by  flat  endothelial  cells. 

The  heMrt  valves  are  connective-tissue  structures  formed  bv 
a reduplicature  of  the  endocardium,  and  contain  connective 

tissue  and  smooth  muscle.  Their  snrface  is  covered  bv  endo- 

« ' 

thelial  cells.  No  blood-vessels  are  present  in  the  heart  valves. 

pericardium  is  a connective-tissue  membrane  containino* 
maiiy  elastic  fibres,  and  on  its  free  inner  surface  is  covered 
by  a laver  of  endothelial  cells. 
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The  nerves  are  derived  from  the  cardiac  [)lexus,  the  vagus, 
and  the  sympathetie  System.  They  are  both  rnedullated  and 
non-medullated,  partly  motor  and  partly  sensory  nerves.  Small 
ganglia  are  present  at  various  places.  Concerning  the  mode  of 
ending  of  nerves  in  the  heart,  see  under  Nerve-endings. 

2.  LYMPHATIC  SYSTEM. 


(ff)  Lymph-vessels. 

The  lymph  capillaries  are  not,  like  the  blood  eapillaries, 
intermediate  structiires  situated  between  two  other  Systems. 
They  form  the  beginning  of  a great  lymphatie  System  which 
empties  tinally  into  the  blood  vascnlar  System.  The  walls  of 
the  lymph  capillaries  consist  of  a flat  endothelial  tnbe,  the 


Fig.  93. 


EndotheUnl  ceih 


Piece  of  a lympli-vessel  of  a rabbit’s  mesentery.  The  boimclaries  of  the  endothelial  cells 

are  niade  visible  by  silver  nitrate.  X *235. 


boiindaries  of  whose  cells  are  irregulär.  The  capillaries  form 
networks  that  have  a characteristic  appearance  on  acconnt 
of  the  unevenness  in  calibre  of  the  vessels.  There  are  many 
dilatations  and  constrictions,  and  in  many  places  valves  are 
present  (Fig.  93). 

The  walls  of  thicker  lymph-vessels  resemble  in  structure 
those  of  veins.  There  is  an  endothelial  lining,  an  intima  con- 
taining  elastic  fibres,  a media  consisting  largely  of  smooth 
inuscle,  and  an  adventitia.  The  latter  is  made  up  of  longitudi- 
nal connective-tissue  biindles  which  contain  elastic  fibres  and 
longitudinally  disposed  smooth  muscle  bundles. 
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1 3:3 

Development  of  Lymphatics. 

The  problem  as  to  tlie  origiii  of  tlie  lympii-vessels  is  orie 
which  is  not  yet  satisfaetorily  solved.  Wliile  soine  autliors 
believe  tbat  tlie  lympb  capillaries  form  a completely  closed  Sys- 
tem bounded  by  eiidotbelial  cells,  otbers  believe  tbat  tbey  are 
in  open  communication  witb  tissue  spaces  wbicb  bave  no 
eiidotbelial  lining.  According  to  tlie  first  view,  fluids  must 
pass  by  endosmosis  tbroiigb  tlie  walls  of  tbe  lympb  capillaries. 
The  second  view  implies  tbat  fluids  pass  from  tbe  tissue  spaces 
into  tbe  lympb  capillaries  tbrougb  tbe  open  beginnings  of  tbe 
lymphatics.  It  bas  been  sbown  by  Mail  tbat  no  closed  System 
of  lympbatics  exists  in  tbe  liver  (see  below).  It  bas  recently 
been  sbown  by  Miss  Floren ce  K,.  8abin  tbat  tbe  lympbatic  Sys- 
tem in  tue  embryo  pig  develops  as  two  blind  diverticula  from 
tbe  veins  of  tbe  cervical  and  inguinal  regions.  These  grow 
toward  tbe  skin  and  widen  out  into  four  lynijib  sacs,  from 
wbicb  tbe  final  lympbatics  proceed.  By  a special  growtb  of 
tbe  lympbatics  along  tbe  dorsal  line,  tbe  thoracic  duct  is  formed. 

(b)  Ly  mph  Glands. 

Lympb  glands  are  situated  in  tbe  course  of  tbe  lympb- 
vessels,  and  are  grouped  togetber  in  various  places  {e.  g.,  axilla, 
neck,  groin,  etc.).  Tbey  vary  considerably  in  size,  and  are 
usually  bean-sbaped. 

Lymiili  glands  consist  of  a reticular  connective-tissue  net- 
work  wbicb  contains  lympbocytes  {adenoid  tissue).  Tbe  frarne- 
work  of  tbe  organ  consists  of  connective  tissue  witb  a few 
smootb  muscle  cells.  Tbe  connective  tissue  is  niostly  of  tbe 
kind  known  as  reticulum.  It  forrns  at  tbe  surface  of  tbe  gland 
a continuous  covering,  tbe  so-called  capsule.  From  tbis,"leaf- 
like  projections  pass  down  into  tbe  substance  of  tbe  gland,  as 
sbown  in  Fig.  94.  These  are  called  traheculce.  Tbey  run  in 
such  a manner  tbat  tbe  outer  part  of  tbe  gland  is  divided  into 
round  masses  of  adenoid  tissue.  Toward  tbe  middle  of  tbe 
gland  tbey  brancb  to  form  a network  of  connective-tissue 
Strands,  in  tbe  mesbes  of  wbicb  are  narrower  masses  of  aden- 
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oid  tissue  contiiiuous  witli  tlie  round  masses  outside.  'Jdie  gland 
is  tluKS  divided  iiito  two  zoiie«,  a cortex  and  a medulla. 

The  cortex  is  divided  by  tlie  trabecube  into  follicles,  while 
tlie  medulla  consists  of  niucli  smaller  inasses  of  adenoid  tissue, 
known  as  meduüavy  cords  (Fig.  04).  These  are  directly  con- 
tinuous  with  one  anotlier. 

The  reticular  connective  tissue  wliicli  lills  the  spaces  between 
the  trabecuLne  contains  very  few  lymphocytes  in  the  immediate 
neighborhood  of  tlie  trabecuhe  and  the  capsule.  Farther  away 
froni  these,  however,  the  lvmi)hocytes  are  verv  numerous  and 
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niake  up  the  follicles  and  lyui])h  cords.  These  latter  masses 
are  therefore  surrounded  by  almost  empty  spaces  which  separate 
tlieni  froni  the  trabeculte  and  capsule.  These  spaces  are  called 
lymph  sinuses  (Fig.  96).  They  contain  a ßne  reticulum,  whicli 
passes  over  the  trabeculse  on  one  side  and  the  follicle  on  the 
other.  The  lymph  sinus  is  a continuation  of  tlie  lymph-vessels, 
and,  like  these,  is  lined  with  flat  endotlielial  cells  whose  presence 
can  be  demonstrated  by  silver  nitrate.  This  endothelium  prob- 
ably  does  not  form  a continuous  membrane.  The  cells  are 
often  found  separated  and  lying  freely  in  the  lymph  sinus. 
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The  follieles  of  tlie  ly  mph  gland  consist  ol  ii  deiise,  more  or 
less  spherical  mass  of  lymphocytes.  At  its  peripliery  next  to  the 
lymph  siniis  these  eells  are  mueh  erowded  together,  while  in  tlie 
ceiitre  there  is  always  a more  or  less  clear  space  where  the 
lymphocytes  are  much  less  abundant.  Here  there  are  usually 
found  an  artery  and  one  or  more  veins.  By  dose  observation 
karyokinetic  figures  may  n early  always  be  found  in  this  region. 


Fig.  95. 


According  to  Flemming,  the  reproduction  of  lymphocytes  takes 
place  in  the  centre  of  the  follicle,  and  this  area  is  known  as  the 
germmal  centre  (Keimcentrum)  (Fig.  95). 

The  afferent  lymph-vessel  enters  the  gland  usually  at  one 
pole,  and  after  dividing  passes  through  the  capsule.  Its  walls 
become  always  thinner  until,  on  forming  the  lymph  sinus,  they 
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consist  only  of  an  eiidotlielial  layer.  The  lymph  sinuses  pass 
from  tlie  (‘ortex  to  tlie  medulla,  joiii  togetlier,  and  leave  the 
gland  at  tlie  hiliis  by  tlie  efferent  vessel.  At  tliis  place  the  cap- 
sule is  thick  and  compact,  and  is  known  as  the  hilus  siroma. 
The  sinus  terminalis  is  formed  at  the  hilus  by  the  junction  of 
the  other  lymph  sinuses. 

The  blood-vessels  of  the  tymph  (jland  were  described  in  detail 
bv  Calvert,  and  worked  out  in  relation  to  the  follicle  of  the 
gland.  The  following  account  is  based  on  his  description  : The 


Fig.  96. 


From  the  medullary  snbstance  of  a cat’s  lymph  gland.  X 250. 

gland  is  supjdied  with  arteries  mainly  trom  the  hilus,  but  also 
to  some  extent  from  the  capsule.  Ihe  arteries  at  the  hilus 
leave  the  stroma-substance  and  enter  the  trabeculsB,  in  which 
they  run  for  a short  distance.  After  leaving  the  trabecuhe 
tliey  enter  the  medullary  substance  and  break  up  into  smaller 
arteries,  sometinies  sending  a small  brauch  to  anastomose  with 
the  arteries  of  the  capsule  (Fig.  97,  E).  Other  arteries  at  the 
hilus  run  directly  iiito  the  gland  substance  and  enter  the  medul- 
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lary  cords,  giving  otf  fine  braiiches  to  form  eapillary  ])lexuses 
around  tlieir  periplieries  (Fig.  97,  F).  These  capillaries  iinite 
to  form  small  veiiis  (G),  which  empty  into  larger  veiiis. 
The  arteries  supplying  the  follicles  of  the  cortex  (H)  break 
up  into  maiiy  braiiches,  which  riiii  from  the  ceiitres  of  the 


Fig.  97. 


Composite  section  of  three  follicles  and  the  medullary  cords  <>f  the  meseiiteric  lymphatic 
gland  of  a dog.  X 50.  (Calvert.)  A,  artery  ; B,  medullary  artery  ; C,  follicular  vein ; 
E,  artery  going  to  the  capsule;  F,  capillaries  ou  the  periphery  of  a cord;  G,  medullary 
vein;  H,  follicular  artery;  1,  arterial  capillaries  in  a follicle;  J,  vein  from  capsule; 
K,  cord  ; L,  trabecula ; V,  vein. 


follicles  to  the  peripliery,  where  they  form  eapillary  iietworks. 
These  capillaries  unite  to  form  the  veme  folliculi  (C),  which 
give  origin  to  the  larger  veiiis  of  the  gland  returning  to  the 
hilus. 

It  is  seen  that  in  this  System  there  is  a blood  vascular  uiiit 
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wJlicli  is  repeated  niany  times  to  make  up  the  organ.  It  corre- 
sponds  also  in  this  case  witli  tlie  cellular  unit  wliicli  is  repre- 
sented  by  tlie  follicle. 

(c)  Peripheral  Lymph  Nodules. 

Collections  of  lyinplioid  tissue  are  present  in  many  Organs 
in  tlie  form  of  single  follicles,  or  many  of  tliese  together.  Tliey 
are  not  so  delinitely  connected  with  the  lymph-vessels  as  the 
trne  lymph  glands  are.  They  may  occur  merely  as  a diffuse 
infiltration  of  the  tissue  by  lynpihocytes.  The  so-called  solitary 
follicles  of  the  alimentary  caual  are  definite  well-circumscribed 
masses  of  lymphocytes,  possessing  germinal  centres,  and  all  the 
characters  of  lymph  follicles.  Collections  of  these  follicles  are 
seen  in  the  Peyer’s  patches  of  the^small  intestine. 


3.  SPLEEN. 

ln  the  spieen,  as  in  the  lymph  gland,  we  can  distinguish  a 
conneetive-tissue  capsule,  sending  processes  down  into  the  organ 
to  form  its  framework  ; and  adenoid  tissue  contained  in  the 
framewoi’k,  the  so-called  spieen  pulp. 

The  ca])sule  and  the  trabecuhe  proceeding  from  it  are  made 
up  of  connective  tissue  with  a coiisiderable  number  of  smooth 
muscle  cells  and  elastic  fibres.  They  can  be  easily  distinguished 
from  the  corresponding  stiaictures  in  the  lymph  gland  by  their 
strong,  coarse  appearance.  They  are  nearly  always  thicker,  and 
the  muscle  cells  give  to  them  a less  hnely  fibrous  character.  At 
the  hilus  the  trabeculae  and  capsule  form  a sheath  for  the  blood- 
vessels  which  enter  there.  This  sheath  retains  its  firm  fibrous 
character  throuo;hout  the  course  of  the  veins,  but  with  the 
arteries  it  gives  place  to  a fine  reticular  tissue  when  these 
vessels  by  branching  have  become  as  small  as  0.25  mm.  in 
diameter.  Tliis  reticular  tissue  contains  in  its  meshes  large 
quantities  of  lymphocytes. 

The  arterial  sheath,  consisting  of  adenoid  tissue,  forms,  in 
some  animals,  a continuous  layer  around  the  vessel  wall.  In 
other  animals,  however,  it  is  gathered  into  spherical  or  ovoid 
masses  which  resemble  the  follicles  of  the  lymph  gland.  These 


SPLEEN. 


are  the  Malpighian  corpuscles  (Fig.  98).  If  tlie  lynipboid 
tissiie  is  equally  distributed  arouiid  the  artery,  tliis  vessel  is 
foiind  in  the  centre  of  the  Malpighian  corpuscle.  It  niay  be 
placed  excentrically,  on  account  of  the  uneqnal  development  ol 
this  tissue.  In  sections  of  the  spieen  the  Malpighian  cor- 
pnscles  are  round  structures  with  a diarneter  of  0.2-0.7  mm. 
They  are  situated  often  at  the  place  where  an  artery  branches, 
and  each  shows  a germinal  centre  (Keimcentrnni),  in  which 
there  is  mnltiplication  of  the  lymphocytes. 


Fig.  98. 
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Part  of  a section  through  the  spieen  of  an  ape.  X 60. 


The  spieen  pulp  lias  the  characteristic  features  of  adenoid 
tissue.  It  consists  largely  of  lymphocytes,  but  contains  also 
large  cells,  with  many  nuclei  containing  red  blood-corpuscles 
and  pigment.  Nucleated  and  non-nncleated  red  corpuscles  are 
also  found. 

The  pigment  granules  which  occur  free  or  in  leucocytes 
are  formed  from  broken-down  red  blood-corpuscles.  The 
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adenoid  tissue  of  tlie  piilp  is  distinguished  from  that  of  the 
Malpighian  bodies  by  tlie  fact  that  the  latter  consists  entirely 
of  lymphoid  cells. 

Some  authors  claiin  that  the  spieen  is  a blood-forming 
Organ  because  erythroblasts  are  found  there.  Others  regard 
it  as  an  organ  in  which  destriiction  of  blood  takes  place,  for 
the  reason  that  fraginents  of  blood  corpuscles  and  blood  pig- 
nient  are  freqnently  found. 

The  cliaracter  of  the  blood-vessels  in  the  spieen  shows  some 
pecnliarities.  The  arteries  do  not  anastomose  with  one  another; 
their  adventitia  often  shows  a lymphoid  cliaracter — i.  e.,  in 
Malpi  ghian  corpuscles.  The  terminal  arteries  show  a thicken- 
ing  of  this  lymphoid  sheath  to  form  the  ellipsoids  of  the  spieen. 
In  their  final  divisions  the  arteries  brauch  like  the  hairs  of 
a brush  {peiiicilU).  The  blood-vessels  of  the  spieen  are  best 
considered  together  with  the  so-called  lohule.  According  to 
]\Iall,  the  framework  of  the  spieen,  which  can  be  demonstrated 
by  washing  out  the  cellular  elements  of  a spieen  macerated  in 
water,  is  divided  into  sacs,  each  of  which  contains  a spieen 
lobule.  These  lobules  have  a distinct  relation  to  the  blood- 
vessels.  By  injecting  the  vessels  with  celloidin  or  agar-agar 
and  macerating  the  tissue,  this  relation  is  demonstrated.  The 
arteries  enter  at  the  hilus,  and  divide  into  many  branches, 
one  of  which  enters  each  lobule  and  passes  along  its  centre. 
The  veins  are  always  intimately  related  to  the  trabeculae,  and 
are  always  found  at  the  periphery  of  the  lobules.  This  is 
shown  in  Fig.  99.  The  Malpighian  corpuscle  usually  lies  at 
the  hilus  end  of  the  lobule — i.  c.,  at  the  side  away  from  the 
capsule.  The  veins  accompaiiy  the  branches  of  the  interlobu- 
lar trabecuhe  iiito  the  lobule,  which  is  divided  by  these 
branches  into  several  compartments.  The  veins  as  well  as  the 
trabeculae  may  be  spoken  of  as  interlobular  and  intralobular. 
The  central  artery  of  the  lobule  branches  to  supply  the  various 
compartments  formed  by  the  intralobular  trabeculae,  and  the 
blood  is  collected  final  ly  by  the  intralobular  veins.  A venous 
injection  of  the  lobule  fills  a plexus  of  veins  (Fig.  99,  P),  in 
whose  meshes  there  are  small  areas  of  spieen  pulp,  the  so- 
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PLATE  VI. 


Fig.  100 From  the  spieen  of  a rabbit.  The  blood-vessels  are  doubly  injected,  the  veius 
blue,  the  arteries  red.  In  the  centre  a Malpighian  corpuscle  is  shown.  x 100. 
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called  histological  units  (Mall).  Tliese  units  are,  however,  in 
commuiiication  with  one  anotlier.  Tlie  terminal  arteries  run 
into  tbese  units  and  end  in  tlie  ampullm  of  Ihoma,  a small 


Diagram  of  the  lobule  of  the  spieen.  (Mall.)  A,  artery  in  the  centre  of  tbe  lobiile; 
V,  interlobular  vein  within  the  interlobular  trabeculee ; 7V.,  intralobular  trabeclse ; L,  Mal- 
pighian  follicle ; C,  intralobular  collecting  vein;  P,  intralobular  vein  plexus  which  sur- 
rounds  the  pulp  cords  or  histological  units  ; Am,  ampulla  of  Thoma. 


dilatation.  Tliere  is  evidence  to  show  that  tliese  ampiillse 
communicate  botli  with  one  anotlier  and  witli  tlie  terminal 
veins. 

According  to  some  autliors,  the  capillaries  open  directly 
into  the  veins,  while  others  have  described  a svstem  of  lacunge 
between  thern.  This  is  known  as  the  intermediary  path  for 
the  blood.  The  capillaries  show  a fnnnel-Jike  widening  as  they 
pass  over  into  the  veins  (Plate  VI.,  Fig.  100).  This  internie- 
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iliate  spaee  is,  aecorcliiig  to  some  autliors,  linecl  with  epitlielium, 
^50  that  tliere  is  here  a closed  System.  Most  authorities,  liow- 
ever,  claim  tliat  tliese  lacuiim  have  iio  wall  or  possess  only  an 
incoinplete  wall,  so  that  tlie  blood  does  not  flow  in  a closed 
cliannel.  Tliese  autliors  base  tlieir  belief  on  tlie  fact  that  in 
injecting  the  blood-vessels  the  injection  niass  flows  also  into  tlie 
spieen  piilp  ; and  because  of  the  constant  presence  of  red  blood- 
corpnscles  in  the  pulp.  According  to  the  view  held  by  the 
second  group  of  investigators,  the  beginnings  of  the  veins  stand 
in  cominunication  with  sideen  pulp.  These  endothelial  cells 
are  Üattened  and  spindle-shaped,  and  show  a striated  structure. 
The  nuclei  project  niarkedly  into  the  hmien.  According  to 
Weidenreich,  there  is  a System  of  spaces  [spieen  sinuses)  in  the 
Spleen  pulp  wliich  anastomose  freely  and  open  into  the  pulp 
veins  (intralobular). 

The  franiework  of  the  sjileen  jmlp  is  made  up  of  anasto- 
niosing  fibrils  which  have  the  character  of  reticulum,  as  shown 
by  iMall.  As  mentioned  before,  the  reticulum  of  the  capsule 
and  trabecuhe  is  more  resistant  to  the  action  of  the  ordinary 
reagents  thaii  that  of  the  spieen  ])ulp.  “The  main  strands  of 
the  reticulum  accompany  the  iiiterlobular  venous  plexus,  while 
a more  delicate  iietwork  with  nioi*e  open  meshes  extends 
throLurh  the  histoloirical  uiiit.  ln  the  centre  of  the  unit  the 
network  becomes  deiise  again,  which  marks  the  position  of  the 
terminal  artery  with  its  accompanying  ellipsoid  lymphatic 
tissue  ” (Mall).  The  reticulum  surrounds  the  veins,  and  also 
forms  a layer  around  the  arteries,  holdiiig  in  its  meshes  the 
cells  of  the  lymphoid  sheath.  Kyes  has  shown  that  the  net- 
work surrounding  the  smaller  veins  is  not  elastic  tissue,  but  is 
made  up  entirely  of  true  reticulum.  The  reticulum  of  the 
follicles  is  directly  continuous  with  that  of  the  pulp  cords. 

l^yniphatic  vessels  in  relation  to  the  Malpighian  follicles  do 
not  exist  in  the  spieen,  ln  the  capsule  and  trabeculae  of  the 
spleens  of  certain  aninials  there  are  large  lymphatic  channels. 
These  are  seen  also  at  the  hilus  of  the  orgaii,  but,  according 
to  Mall,  the  lymphatics  are  not  to  be  observed  in  the  spieen 
pulp. 


THYMUS. 
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Mucli  of  tlie  above  description  is  based  oii 
For  further  details  tlie  reader  is  referred  to 


tlie  work  of  Mall, 
bis  articles  oii  the 


subjeet. 


4.  THYMUS. 


The  thynius  is  a i>‘laiid-like  orgaii  fouiid  oidy  in  einbryos 
and  young  aninials.  Lt  nndergoes  witli  age  a retrogression,  and 
at  tlie  twentietli  year  in  niaii  we  lind  only  a connective-tissne 
vestige  of  it. 

In  tlie  first  years 
lobes,  wliicli  are  niade  np  of  lobnies  0.5  to  l ein.  in  diani- 
eter,  joined  togetlier  by  eonneetive  tissiie.  These  lobnies  con- 
sist  of  sinaller  lobules  about  l nun.  in  dianieter,  whieh  are 
separated  by  connective-tissne  se])ta.  The  sinaller  lobules 
are  niade  up  of  adenoid  tissne,  vvhich  is  rieher  in  blood-vessels 
and  lyni])hoeytes  at  the  periphery  than  at  the  centre.  We 
niay  thus  distingnish  a dark  eortical  snbstanee  and  a light 
medulla. 

The  thymus  is  of  epithelial  origin,  and  develo]is  later  its 
adenoid  structure.  It  is  an  out«:rowth  frorn  the  foreo;ut  of  the 

O O 

enibryo,  and,  according  to  the  inajorify  of  anthorities,  the 


of  life  the  thymus  consists  of  various 


Fig.  101. 


(Jonnective 
tissue  ^ 


^forpn  freies 
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Section  through  a secondary  lobule  of  the  thymus  of  a child  six  montlis  old.  x öO. 


Ilasml's  (micentric  corpuscles  whieli  are  found  in  the  medullary 
substanee  are  the  reinains  of  this  ejiithelial  tissne  (Stieda,,  ilis, 
Maurer,  etc.).  These  corpuscles  (Figs.  101  and  102)  consist  at 
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the  periphery  of  concentrically  arraiiged  semilunar  cells,  while 
the  ceiitre  usually  contains  nuclear  and  cell  detritus. 

According  to  Afanassiew,  the  Hassal’s  corpuscles  arise  from 
vascular  epithelium,  wliicli  in  tlie  involution  of  tlie  organ  pro- 
liferates  until  it  fills  the  lumen. 

It  seems  that  the  thymus  at  first  takes  part  in  the  formation 
of  red  and  white  blood-corpuscles.  Nucleated  red  corpuscles 
and  evidences  ol  mitotic  division  are  met  with  frequently. 


Fig.  102. 


Lencoci/te/f 


Nnclei  of 

ep'itheiiaf 

cells 


Two  Hassal’s  (‘orpiiscles  from  a soctiou  throiifrh  the  thymus  of  a child  six  months 

old.  X 470. 


The  arteries  which  extern!  into  the  interior  of  the  lobule 
from  the  coiinective-tissue  se[)ta  break  up  at  the  inner  boundary 
of  the  cortical  substance  to  form  a fine  capillary  network. 
Some  of  the  branches  of  this  supply  the  cortex  and  empty  into 
the  veins  at  the  periphery  ; while  other  branches  run  to  the 
medullary  substance,  from  which  veins  collect  to  carry  the  blood 
back  to  the  connective-tissue  septa. 

Fine  nerve  plexuses  have  been  observed  in  the  septa  and  in 
the  medullary  substance. 


5.  THYROID  GLAND. 

The  thyroid  is  an  alveolar  glaiid  possessing  no  duct.  It 
consists  of  a connective-tissue  framework  in  the  form  of  an 
outer  capsule,  with  Strands  of  connective  tissue  dividing  the 
gland  into  lobules,  and  finer  septa  separating  the  individual 
alveoli  which  make  up  the  secretory  portion. 


THYROW  GLANl). 
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The  alveoli  are  round,  oval,  or  j)olygonal  oii  section  (Fig. 
103),  and,  taken  as  a whole,  are  soinewhat  bent  or  eoiled  closed 
tubes.  Tliey  are  lined  with  one  layer  ol  cubical  or  low  cylin- 
drical  epithelial  cells.  These  have  a iiucleus  near  the  centre  ol 
the  cell,  and  often  refractive  granules  in  the  protoplasm. 
According  to  some  aiithors,  there  is  a niembrana  propria  Out- 
side the  epitheliuni.  The  cells  formerly  known  as  chief  cells 
and  colloid  cells  represent  different  stages  in  secretion  seen  in 
the  saine  cell. 

The  alveoli  contain  a colloid  substance  secreted  by  the  epi- 
thelial cells.  This  does  not  usually  fdl  the  wliole  lumen,  but  is 


Fiü.  103. 


a 5-054  7 


Colloid  substance 


Blood 

Connective  tissue 
EpWielium 


Follicle  cut 
tangentially 


CI  cfipfiAn 


separated  from  the  walls,  especially  in  hardened  speciniens,  by 
clear  spaces,  as  though  the  colloid  had  clung  to  the  walls  at 
various  places,  but  was  pulled  away  in  the  intervals  (Fig.  103). 
The  colloid  takes  a characteristic  eosin  stain  and  appears  to  be 
quite  homogeneous.  Whether  this  colloid  has  any  part  in  the 
formation  of  the  internal  secretion  which  is  characteristic  of 
the  thyroid  is  not  known.  It  is  possible  that  tlie  colloid  corre- 
sponds  with  the  external  secretion  of  glands  that  have  ducts, 
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and  tliat  the  iiitenial  secretion  is  taken  u])  directly  by  the  blood 
capillaries,  wliicli  form  a thick  network  around  tlie  alveoli. 
Changes  take  place  botli  in  the  e[)ithelium  and  the  colloid  in 
hypertrophy  of  the  glaiid,  and  in  such  cases  Symptoms  show 
that  the  internal  secretion  also  is  altered,  öither  in  quantity  or 
quality,  or  in  both. 

riie  interalveolar  connective  tissue  brings  many  blood- 
vessels,  lym])hatics,  and  nerves  to  the  organ.  The  blood- 
vessels  form  a rieh  ca] )i Hary  network  around  the  alveoli. 


Fig.  104. 


Digested  section  of  a human  thyroid  (Flint),  showing  the  framework  of  the  gland  and 
the  form  of  the  alveoli.  ( Fixed  in  Van  Gehuchten’s  fluid,  hardened,  extracted  with  ether, 
and  digested  with  pancreatin,  and  cleared  in  glycerin.) 


The  framework  of  the  thyroid  has  been  studied  by  Flint. 
The  gland  was  liardened  and  then  digested  in  pancreatin  until 
all  cellular  elenients  had  disapj)eared.  The  main  bundles  of 
connective  tissue  follow  the  lar<>'e  vessels.  More  delicate 
Strands  form  the  supporting  membranes  of  the  alveoli.  The 
basement  membranes  stand  out  clearlv,  and  the  form  of  the 
alveoli  can  be  made  ont  (Fig.  104).  The  alveoli  are  spherical 
structures,  which  lie  dose  to  one  another,  and  are  separated 
by  a very  little  connective  tissue.  The  basement  membranes 
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are  made  up  of  fine  interlacing  or  parallel  fibrils  of  reticulum 
wliicli  are  somewliat  coarser  than  in  otlier  Organs. 

Parathyroid  Gland. 

The  parathyi'oid  is  a j)aired  gland  closely  associated  witli 
the  lateral  lobes  of  tlie  tliyroid.  It  is  composed  of  solid  col- 
umns  of  epitlielimn-like  cells.  These  colnnrins  are  separated 
by  a very  vascular  eonnective  tissue,  and  anastomose  with  one 
another  so  as  to  form  a network  similar  to  that  found  in  the 
suprarenal  gland.  Masses  of  lyrnphoid  tissue  are  frequently 
found  in  connection  with  the  parathyroids. 

According  to  some  authors,  these  bodies  represent  embry- 
onic  thyroid  tissue.  Others  believe  them  to  be  separate  Organs 
having  a function  of  their  own.  If  the  thyroid  be  rernoved 
and  the  parathyroids  left,  the  effects  of  a complete  thyroid- 
ectomy  are  not  obtained. 

6.  ADRENAL  (SUPRARENAL  GLAND). 

Tliis  is  a small  gland  situated  just  anterior  to  the  kidney, 

Fig.  105. 


Z.  gl.  Z.  fase.  Z.  ret.  Medulla  Vein  Capsule 

Part  of  a eross-section  tlirough  tlie  adreiial  of  a dog.  Z.  gl.  represents  the  zona 

glomerulosa.  X 22. 

often  resting  upon  it.  On  sectioning,  it  can  be  seen  with  the 
naked  eye  to  be  made  up  of  a cortex  and  a medulla.  The  cortex 
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shows  a radial  structure,  wliicli  is  caused  by  tlie  radial  arrange- 
iiieiit  of  tlie  coiiiiective-tissue  framework  (Fig.  105).  In  tlie 
iiiedulla  the  cells  are  arranged  less  regularly.  The  following 
description  is  based  largely  oii  an  account  of  the  structure  of 
the  gland  given  by  Flint. 

Tlie  whole  gland  is  surrounded  by  a capsule  (Fig.  106j, 
which  is  composed  largely  of  reticuluni.  Flastic  fibres  and 
smooth  muscle  cells  are  also  present. 

The  cortex  may  be  divided  into  three  layers : 1,  the  zona 

glomerulosa ; 2,  the  zoiia  fasciculata ; and  tlie  zona  reticu- 
laris (Figs.  105-107). 

1.  The  zona  glomerulosa,  is  niade  up  of  cvlindrical  epithelial 

Fi«.  10(). 


Caps  ule 

Blood-vessel  in  - 
a septinu  ' 

Zona  glomerulosa 


Zona  fasciculata 

Froni  the  cortical  siihstance  ol'  tlu*  adrciial  of  a do^.  v -245. 

cells  arranged  in  niore  or  less  coiled  coluniiis  separated  by 
Strands  of  connective  tissue  derived  from  the  capsule  (Figs.  106, 
107).  The  miclei  are  situated  in  tlie  middle  part  of  the  cell 
bodies.  They  are  oval  or  round,  and  stain  deeply. 

2.  The  zona  fasciculata  consists  of  smaller  polygonal  cells 
arranged  in  anastomosing  columns  whose  long  axes  are  at  right 
angles  to  the  surface  of  the  capsule.  The  columns  are  sepa- 
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.ated  by  blood  capillaries.  The  cells  possess  a granulär  proto- 
plasin  wliicli  often  contains  fat  droplets.  The  nuclei  are  placed 

centrally,  and  are  vesicular  in  character. 

3.  The  zona  ixticularis  is  com})Osed  of  cells  soniewhat  simi- 
lar  to  those  of  the  zona  fasciciilata.  They  are  arranged  in 
columns  vvhich  form  a distinct  network,  as  shown  in  J^igs.  105 
and  107.  They  occiipy  the  nieshes  ot  a tine  capillary  plexus. 


Fig.  107. 


Longitudinal  section  of  the  adrenal  of  an  adult  dog.  X 1”>0.  Hardened  in  corrosive 
acetic  mixture  and  stained  with  iron  hsematoxylin  and  erytlirosin.  (Flint.) 


The  meclulla  consists  of  polygonal  cells  with  lightly 
staining  protoplasm  and  deeply-staining  nuclei.  They  are 
grouped  together  into  round  or  oval  masses,  which  are  sur- 
rounded  by  numerous  blood-vessels  and  separated  by  septa  of 
reticulura.  The  cells  often  surround  a blood-vessel  like  the 
epithelial  cells  of  a gland  duct. 
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Accorcliiig  to  Flint,  lymplioid  nodules  witli  gerrnimd 
centres  are  found  sometimes  in  tlie  medulla  of  the  adrenal,  and 
scattered  groiips  of  lymplioid  eells  also  in  the  cortex. 

Blood-vessels  of  the  Adrenal, — These,  as  they  occur  in  the 
dog,  have  heen  described  in  detail  by  Flint.  In  the  capsule 
the  suprarenal  arteries  form  a poorly  defined  plexus  froin 
wliicli  the  whole  gland  is  supplied.  Three  Systems  of  arteries 
are  derived  from  this  plexus,  supplying  the  capsule,  cortex,  and 
medulla,  respectively.  The  arterice  capsulce  form  a network  of 
capillaries  in  the  capsule,  which  einpty  into  the  capsular  venous 
plexus,  which  lies  just  beneath  the  arterial  plexus.  The 
artericT  corticis  break  up  into  a capillary  plexus  surrounding 
the  cell  columns  of  the  zona  glomerulosa,  from  which  the  blood 
Üows  into  the  parallel  capillaries  of  tlie  zona  fasciculata,  and 
thence  into  the  network  of  the  zona  reticularis.  These  capil- 
laries empty  into  five  veins  which  join  to  form  the  larger 
trunks  of  the  medulla.  “The  arterice  medullce  which  run  from 
the  capsule  entirely  through  the  cortex  without  anastomosing 
break  up  into  a capillary  plexus  in  the  medulla.”  The  blood 
fiows  from  this  plexus  into  the  fine  veins  of  the  medulla,  and 
finally  into  the  vena  centi-alis.  Usually  two  large  venous 
trunks  are  present  in  the  medulla,  oiie  draining  the  anterior 
and  one  the  posterior  lobe.  These  receive  branches  on  all  sides 
fi‘oni  the  peripheral  ]>arts  of  the  medulla.  The  relations  of 
these  vessels  can  he  made  out  in  Fig.  108.  Lymph-vessels 
form  capillary  networks  around  the  cell  columns. 

The  framework  of  the  adrenal  has  been  described  by  Flint. 
Accordiiur  to  him,  it  consists  of  reticulum.  That  of  the  zona 
glomerulosa  consists  of  septa  derived  from  the  capsule.  These 
separate  the  coiled  columns  of  eells  making  up  this  zone.  The 
framework  of  the  zona  fasciculata  is  made  up  of  parallel  Strands 
of  reticulum  running  at  right  angles  to  the  capsule.  These 
pass  over  into  the  framework  of  the  zona  reticularis,  which 
has  the  form  of  a spongy  network  of  fibrils.  The  medulla 
is  supported  by  Strands  of  reticulum  which  surround  the  cell 
groups. 

Development  of  the  Adrenal. — It  has  been  stated  that  the 


PLATE  VII. 


1 OH. — Reconstruction  of  tlic  Icft  adrciml  of  an  adult  dog.  Sliglitly  schcinati/cd.  X 25,  Yicwcd  from  tlie  ventral  surfacc.  The  reeonstruc- 
tion  was  inadc  troin  a niodcd  of  thc  gland,  and  it  rc])rcscnts  thc  coinhination  of  ii  series  of  drawings  of  actual  injected  spcciineiis.  The  histological 
structure  and  rcticuluin,  as  well  as  the  hluod-vcssels,  are  shown.  (Flint.) 
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cortex  and  the  medulla  of  tlie  adreiial  have  different  origins. 
According  to  Mitsiikuri,  the  cortex  is  derived  froin  the  ineso- 
blast,  wliile  the  medulla  arises  from  the  ])eripheral  part  of  the 
syni])athetic  nervous  System.  Gottsehau  believes  that  the 
medulla  is  derived  from  the  cortex,  and  that  the  nervous  System 
takes  110  part  in  its  formation.  This  latter  view  is  supported 
by  Janösik,  Minot,  and  Inaba.  Flint  is  of  the  opinion  that 
the  medulla  is  formed  separately  and  grows  into  the  cortex 
subsequently.  From  bis  description  it  appears  that  the  adrenal 
in  a pig’s  embryo  cm.  long  consists  entirely  of  cortex  sur- 
rounded  by  a delicate  capsule.  In  its  centre  is  a vein  toward 
which  capillaries  converge.  By  its  medial  surface  the  capsule 
is  attached  to  the  sympathetic  plexus.  Beneath  the  capsule 
there  appear  small  groups  of  cells,  which  are  quite  distinct  from 
the  cortical  cells,  and  form  the  begiiining  of  the  medulla. 
These  receive  their  blood  supply  from  the  capsular  vessels,  and 
grow  into  the  interior  of  the  gland  until  they  reach  the  central 
vein.  At  this  sta«:e  no  differentiation  into  lavers  is  visible  in 
the  cortex.  In  embryo  pigs  10  cm.  long  the  zona  glomerulosa 
is  first  seen.  The  arrangement  of  the  cells  into  definite  columns 
does  not  take  place  until  after  birtli.  On  account  of  peculiari- 
ties  of  this  development  certain  variations  from  the  normal  are 
observed  in  the  adrenal.  Islands  of  cortical  substance  may  be 
found  in  the  medulla,  and  similarly  small  groups  of  medullary 
cells  sometimes  are  seen  in  the  cortex.  The  medulla  in  certain 
places  may  extend  out  to  the  capsule ; and  in  other  places  the 
cortex  is  found  adjacent  to  the  central  vein. 

It  is  still  uncertain  what  the  exact  orii^in  of  the  medullarv 
cells  is.  They  develop  after  the  cortical  cells  are  laid  down 
and  grow  in  from  the  periphery  of  the  cortex.  They  do  not 
seem  to  be  deidved  from  the  sympathetic  nervous  System, 
although  the  relation  of  the  gland  to  this  System  is  intiinate, 
and  there  are  offen  found  large  numbers  of  ganglion  cells 
included  in  the  cortex  and  medulla. 

Non-medullated  nerve  fibres  penetrate  the  capsule  and 
extend  in  large  numbers  through  the  cortex  and  medulla.  In 
the  cortex  they  give  off  fine  branches  which  end  on  the  sur- 
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taces  of  tlie  cells.  ln  the  medulla  tlie  network  of  nerves  is 
inucli  richer.  A ])art  of  the  branches  from  this  end  in  the 
vessel  walls,  while  the  greater  number  surroimd  the  gland  cells 
and  form  fine  plexuses  around  them. 


7.  HYPOPHYSIS  CEREBRI  (PITUITARY  BODY). 

The  pituitary  body  in  adult  animals  consists  of  two  lobes,  a 
posterior  and  an  anterior.  The  posterior  lobe  is  inade  up  mainly 
of  neurogiia  eieinen ts.  There  are,  however,  in  this  region  other 
cells  which  are  considered  by  soine  to  be  nerve  cells.  Their 
nature  is  uncertain.  The  anterior  lobe  consists,  on  the  con- 
trary,  of  solid  glandular  rnasses  separated  by  connective-tissue 
septa  and  capillary  networks  (Fig.  10b).  This  glandular  tissue 
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From  a section  of  the  hypophysis  cerebri  of  a dog.  X 300. 


consists  of  epithelial  cells,  concerning  whose  glandular  nature 
there  can  be  no  doubt.  They  are  round  or  polyhedral,  and, 
according  to  some  authors,  are  of  two  types.  One  kind  of  cell 
is  of  dark  appearance,  lai*ge  and  granulär,  and  has  a inarked 
affinity  for  staining  fluids.  These  are  called  chrornophile  cells. 
The  other  kind  is  small  and  clear.  The  two  types  are  about 
equally  distributed.  Other  authors  regard  the  differences  in 
appearance  between  the  two  kinds  of  cells  to  be  due  to  post- 
mortem  or  functional  changes. 

In  the  j)OSterior  part  of  the  anterior  lobe  there  are  found 


CAROTID  GLA2<I)  i^GLOMUS  CAROTIGUM).  loö 

alveoli  wliicli,  like  tliose  of  tlie  thyroid,  are  lilled  witli  a colloid 
substance.  Öometimes  tliese  alveoli  are  liiied  with  ciliated 
epitheliurn. 

There  is  a dose  relatioii  between  the  glaiulular  elements  and 
the  blood  capillaries.  A dense  network  of  vessels  surrounds 
all  the  gland  alveoli.  The  glaiidular  nature  of  the  orgaii 
has  been  further  proved  by  physiological  experirnents.  ihe 
internal  secretion  seems  to  have  an  important  influence  on  the 
Organ  ism  as  a whole. 

8.  CAROTID  GLAND  (GLOMUS  CAROTIGUM). 

The  carotid  gland  is  a structnre  the  size  of  a grain  of 
corn,  situated,  in  man,  at  the  bifurcation  of  the  common 
carotid  artery.  It  is  associated  closely  with  the  vessel  wall, 
and  is  surrounded  by  a connective-tissue  capsule  which  sends 
Strands  of  tissue  into  the  organ.  The  organ  thus  is  divided  by 
three  connective-tissue  septa  into  foUicles^  which  are  nsually 
small  round  masses  of  cells,  the  so-called  cell  balls  (Zellballen) 
of  Schaper.  These  follicles,  or  cell  balls,  are  made  up  of  cells 
containing  much  protoplasm  and  resembling  epithelial  cells. 
They  are  polyhedral  or  round,  and  seern  to  be  associated  closely 
with  the  blood  capillaries.  They  are  apparently  of  connective- 
tissue  origin,  and  are  arranged  in  small  groups  in  the  meshes 
of  a connective-tissue  network.  The  true  nature  of  this  con- 
nective  tissue  has  never  been  determined.  In  all  probability 
it  is  largely  true  reticulum.  In  advanced  age  the  cell  groups 
break  up,  and  there  is  a marked  increase  in  the  connective 
tissue  and  blood-vessels  (Schaper). 

The  carotid  gland  is  supplied  very  richly  with  blood-vessels. 
A brauch  from  the  carotid  artery  enters  the  gland  and  breaks 
up  into  many  small  branches,  each  of  which  supplies  one 
follicle.  The  capillaries  formed  by  division  in  the  follicle 
anastomose  and  raake  up  a dense  ydexus,  whicli  is  connected  at 
the  periphery  of  the  follicle  with  small  veins.  These  join  with 
veins  from  other  follicles,  and  form  on  the  surface  of  the  dand 
a venous  plexus. 

Numerous  medullated  and  non-medullated  nerve-fibres  are 
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present  in  tlie  gland,  and  run  as  fine  branches  into  the  fol- 
licles.  Ganglion  cells  are  rarely  found. 


9.  COCCYGEAL  GLAND  (GLOMUS  COCCYGEUM). 


iliis  Organ  is  situated  on  tlie  arteria  sacralis  media.  Its 
general  strueture  resembles  tbat  of  tlie  carotid  gland.  The 
same  polygonal  epitlielioid  cells  are  found,  and  these  stand  in 
the  sanie  dose  relation  to  tlie  blood-vessels.  Small  branches 


of  the  median  sacral  artery  enter  the  gland  and  break  up  into 
a capillary  network.  ln  the  capillaries  that  make  this  up  there 
are  peculiar  dilatations  mainly  situated  on  the  venous  side  of 
the  network. 


All  the  glands  that  have  been  described  in  this  section  must 
be  considered  as  rnade  up  priniarily  of  two  parts,  namelv,  a 
connective-tissue  framewoi*k,  and  a cellular  part  contained  in 
the  meshes  of  this  franiework.  The  cellular  part  is  divided  in 
eacli  case  into  niasses  of  cells  (follicles  or  lobules),  which  have  a 
siniilar  and  comjdete  strueture  of  their  own.  By  the  repetition 
of  these  follicles  the  organ  is  built  up.  The  connective-tissue 
franiework  of  the  gland  is  in  every  case  closely  connected  witli 
the  blood  supply.  The  vessels  follow,  to  a certain  extent,  the 
course  of  the  trabeeuhe  and  connective-tissue  strands,  which 
ilivide  the  organ  into  uiiits.  The  cellular  units  (follicles  or 
lobules)  correspond  often  to  blood  vascular  units,  in  which  the 
artery  usually  enters  the  centre  of  the  follicle  and  breaks  up 
into  capillaries  which  join  with  the  veins  at  the  periphery  of 
the  follicle.  The  arteries  and  veins  are  always  as  far  apart  in 
the  follicle  as  possible.  All  these  glands,  then,  are  composite 
structures,  so  that  in  their  study  we  should  consider  not  only 
the  units  themselves,  but  also  the  relation  of  these  units  to  one 
another  and  to  the  framework. 


II.  DIGESTIVE  SYSTEM  (ALIMENTARY  TRAGT). 

The  whole  alimentarv  tract  is  lined  with  mucous  membrane. 
This  is  a soft  membrane  consisting  of  epithelium,  glands,  and 
connective  tissue.  The  epithelium  consists  of  one  or  more 
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layers.  When  tliere  are  many  layers  tlie  superficial  cells  are 
flattened,  as  in  stratified  epithelium.  Under  the  epitlieliiirn 
tliere  is  a connective-tissue  layer,  the  tunica  propria  or  stratum 
proprium..  Under  this  is  a firm  connective-tissne  coat,  the  tela 
submucosa  or  stratum  submucosum.  This  conibines  the  miicosa 
with  the  underlying  parts. 


A.  MOUTH  CAVITY. 

1.  Mucous  Membrane  of  the  Mouth  Cavity. 

The  epithelium  of  the  mouth  cavity  is  a stratified  pave- 
ment-epithelium.  It  is  not,  as  a rufe,  corneous,  and  the 
stratum  granulosum  and  stratum  lucidum  are  usually  absent. 

The  tunica  propria  consists  of  interlacing  bundles  of  con- 
nective-tissue fibres,  among  which  are  many  elastic  fibres.  On 
the  surface  the  tunica  propria  forms  so-called  papillce,  of  which 
the  highest  are  found  in  tlie  red  border  of  the  lips  and  in  the 
gums  (Plate  VIII.).  At  the  border  of  the  lips  we  find  seba- 

ceous  o-lands,  but  these  are  absent  elsewhere  in  the  mucous 

<_/ 

me  m braue. 

Everywhere  in  the  tunica  propria  we  find  the  ducts  of 
mucous  glands  (glandulae  buccales,  j)alatinae,  et  labiales),  whose 
bodies  lie  in  the  submucosa.  These  are  branched  tubulär 
glands  whose  ducts  are  lined  usually  with  stratified  epithelium. 
The  details  of  their  structure  will  be  discussed  with  the  laro-er 
glands  of  the  mouth  ca  vitv. 

The  tela  submucosa  is  a firm  connective-tissue  layer  pos- 
sessing  only  very  few  elastic  fibres.  On  the  gums  the  mucosa 
is  attached  firmly  to  the  underlying  structures.  Elsewhere  it 
is  more  loosely  connected  with  the  submucosa.  The  blood- 
vessels  form  two  plexuses  more  or  less  jiarallel  to  the  sur- 
face. The  deeper,  which  consists  of  1 arger  vessels  and  wider 
meshes,  lies  in  the  submucosa  ; the  upper  is  made  up  of  a fine 
meshwork  of  small  vessels  which  are  derived  from  the  deeper 
layer  and  is  situated  in  the  tunica  propria.  From  these  net- 
works  fine  branches  proceed  to  the  papillm,  where  a capillary 
plexus  is  formed.  Ihe  lymph-vessels  follow  a course  very 
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sirnilar  to  that  of  tlie  blood-vessels.  The  sensory  nerves  eiid 
in  tlie  inucous  inembraiie  in  two  vvays : on  the  papillse  as 
Krause  s end  bulbs,  and  in  the  epithelium  as  fine  intra-epithelial 
nerve-endings  (see  imder  Nerve-endings). 

2.  The  Teeth. 

The  teeth  in  man  and  tlie  higher  animals  are  hard  struct- 
iires,  of  which  one  part  is  sunk  in  the  alveolus  of  the  jaw 
[root)  and  the  other  part  projects  to  the  ontside,  and  is  called 
the  croiun  of  the  tooth.  The  place  of  junction  of  the  two  parts 
is  called  the  neck  of  the  tooth,  and  this  part  is  covered  by  the 
ginn. 

The  teeth  consist  of  three  hard  substances:  l,enamel;  2, 
dentine ; 3,  cement.  These  substances  surronnd  a cavity  in 
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From  a longitudinal  section  of  tlie  crown  of  a milk  tooth  of  a newborn  baby.  The 

boundary  between  pul})  and  deiitine  is  shovvn.  X 500. 

the  centre  of  the  tooth  known  as  the  pulp-  or  tooth-cavity. 
This  cavitv  extends  into  the  root  of  tlie  tooth  as  the  rooU 
ca/nak  through  which  vessels  and  nerves  enter  the  pulp  from 
below. 

The  tooth  pulp  consists  of  a finely  fibrous  cellular  con- 
nective  tissue,  and  is  cliaracterized  l»v  its  nchness  in  nerves  and 
blood-vessels.  On  the  surtace  of  the  pulp  there  are  large  cells 
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Fig.  113. — From  a longitudinal  secdion  of  tlie  lateral  part  of  the  crown  ot‘  a human 
eanine  toolh.  The  eanalieuli,  lilled  with  i)ignient,  in  soine  plaees  extend  outward  between 
the  enamel  )»risms.  X 330. 
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Fig.  114. — From  a cross-section  of  tlie  neck  of  a human  molar  tooth.  The  dental  eanaliculi 

show  divisions  and  numerous  anastomo.ses.  X 330. 


PLATE  XI 


Fra.  115.— Frorn  a cross-section  of  the  root  of  a human  molar  tooth.  The  canaliculi, 
filled  with  viület  pigment,  show  uumerous  divisions.  Small  interglobular  spaces  are  to  be 
seen  in  the  granulär  sheath.  X 330. 
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— die  odonioblaÜB — formiiig  u coiitiiiuous  layer  (Idg.  11  Ij. 
These  are  long  cylindrical  cells  widi  die  iiucleus  in  die  inner 
half  of  die  cell.  They  each  send  one  process,  seldoin  inore, 
into  die  dendne  toward  die  outside.  These  processes  form  the 
fibres  in  die  dendne.  There  are  other  processes  sent  ont  by 
die  odontoblasts  in  die  direction  of  the  pulp.  These  brauch 
and  Surround  the  pulp  elements.  The  whole  pul})  is  sur- 
rounded  bv  dendne,  vvhich  forms  the  main  inass  of  the  tooth. 
The  dendne  itself  is  covered  entirely  by  two  other  coats,  on 
the  Crown  of  the  tooth  by  the  enamel,  and  on  the  root  by  the 
cement.  These  two  coats  meet  at  the  neck. 

The  dentine  (substantia  eburnea)  is  a kind  of  bone  whicli  is 
distinguished  froni  ordinary  bone  by  the  fact  tliat  its  cells  are 
not  situated  in  cavities  of  the  ground  substance.  The  cell 
bodies  lie  on  the  surface  of  the  ]iul|)  dose  to  the  dentine,  so 
that  die  dentine  itself  contains  only  their  }irocesses,  the  so- 
called  dental  fibres,  which  lie  in  the  dental  canals.  These 
canals  begin  at  the  ])ulp  surface  of  the  dentine,  and  run  radially 
toward  its  outer  surface  in  a slightly  curved  direction,  like  the 
letter  S.  At  their  beoinnino:  the  canals  are  2.5-5  u in  diam- 
eter,  bat  becoine  narrower  as  they  proceed  outward,  on  account 
of  di  Vision.  At  the  outer  surface  of  the  dentine  thev  measure 


only  0.6  They  give  off  throughout  their  course  fine  side- 
branches  in  every  direction,  thus  joining  with  neighboring 
canals.  These  side-branches  are  usually  0.8— 0.6  in  diaiii- 

eter.  A section  cut  at  right  aiigles  to  the  course  of  the  canals 
shows  their  reladon  to  die  side-branches.  Fis^.  112  shows  that 
they  join  not  only  canals  near  one  another,  but  also  those  at 
some  distance  from  one  another. 

The  reladon  of  the  main  dental  canals,  as  well  as  of  the 
side-branches,  is  characteristic  for  different  })ai’ts  of  the  tooth 
(Plates  IX.,  X.,  XL).  In  the  })art  near  the  pulp  the  lateral 
branches  leave  the  canals  at  almost  a right  angle.  In  die  more 
peripheral  })arts  of  the  dentine,  on  the  contrary,  the  ande  is 
acute.  In  the  former  position  the  side-canals  are  less  numerous 
than  in  the  peripheral  parts. 

In  the  Crown  of  the  tooth  the  main  canals  take  a fairly 
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straight  coiirse  and  do  not  often  branch  to  form  canals  of  the 
same  calibre.  In  the  neck  they  are  slightly  wavy.  In  the 
root  they  are  more  uneven,  and  branch  freqiiently  to  form 
eqnal-sized  canals  (Szymonowicz).  The  peripheral  ends  of 
tlie  main  canals  are  different  according  to  their  surroundings. 
In  the  Crown  just  linder  the  enamel  they  break  up  into  finger- 
like  branches  (Plate  IX.),  sorne  of  which  run  past  the 
boundary  line  between  the  enamel  and  dentine  for  10-40  (u. 


Fig.  112. 


Frora  a ground-section  through  tlie  parts  of  the  dentine,  near  the  pulp,  of  a human 
canine  tooth  which  has  heen  inij)regnated  with  ])iginent.  The  dental  canaliculi  are  cut 
across  and  are  joined  together  by  side  branches.  X 400. 

into  the  cement  substance  joining  the  enamel  prisms  (Fig.  117). 
Dilatations  are  observed  often  at  the  ends  of  tliese  branches. 
Most  of  the  main  canals,  however,  end  blindly  at  the  border  of 
the  enamel. 

In  the  lower  part  of  the  tooth  the  main  canals  do  not  leave 
the  dentine,  but  end  blindly  at  the  border  of  the  cement — i.  e., 
at  Tomes’  granulär  sheath.  They  often  reach  as  far  as  the 
spaces  of  the  sheath,  wliicli  are  lilled  with  uncalcified  ground 
substance  (Fig.  116).  Parely  they  arcli  over  and  form  with 

neighboring  canals  a kind  of  loop. 

The  part  of  the  ground  substance  irnmediately  surrounding 
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the  canals  is  harder  and  more  resistant  thaii  the  rest,  and  i.n 

known  as  Neumanri^ s dental  sheath. 

The  ground  suhstance  itself  has  a strncture  finely  fibroiis^ 
like  that  of  ordinary  hone.  The  fibrils  are  joined  to  form 
biindles,  which  run  mainly  in  the  long  axis  of  tlie  tooth. 

Tn  the  dentine  of  the  crown  there  near  tlie  outer  enarnel 
siirface,  a layer  of  so-called  mterglohuhir  spaces.  Ihese  are 
large  or  small  spaces  of  irregulär  shape,  sitiiated  in  the  calcified 
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sroiind  substance  and  filled  with  a soft  substance  which  corre- 
sponds  with  the  uncalcified  substance  of  the  dentine  (Plate 
IX.).  The  dental  canals  pass  through  tliese  spaces  without  Inter- 
ruption. These  spaces  are  an  indication  of  the  unequal  and 
incoraplete  calcification  of  the  dentine. 

In  the  lower  parts  of  the  tooth  we  find  in  the  outer  part  of 
the  dentine  the  so-called  Tomes  granulär  sheath,  which  is 
nothing  more  than  a layer  of  small  interglobular  spaces  (Fig. 
116). 
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The  enamel  (suhstantia  adamantina)^  wliich  is  the  hardest  of 
all  animal  tissues,  contaiiis  only  3—5  per  cent.  of  organic  sub- 
stance.  It  is  soluble  in  dilute  acids  without  residue.  It  con- 
sists  of  the  so-called  euojitiel  fibiTS,  which  appear  in  the  form  of 
hexagonal  prisms,  and  are  on  this  account  known  as  enamel 
priums.  Ihese  extend  from  the  sur face  of  the  dentine  to  the 

Fig.  117. 
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Longitudinal  ground-section  througli  tlie  apex  of  a canine  tooth  from  a three  and  a 
half  yciur  old  boy.  'hho  ontrance  of  the  dental  caualiculi  betweeii  the  enamel  prisms  and 
the  course  Laken  by  the  latter  are  shovvn,  X 135. 

free  surface  of  the  enamel,  and  are  thicker  at  the  oiiter  end 
than  near  the  dentine.  Tliey  usually  appear  to  be  structiire- 
less,  but  linder  the  intinence  of  certain  reagents  they  acquire  a 
Striated  appearance.  They  usually  run  radially  and  their 
course  is  slightly  wavy.  They  lie  pressed  together,  and  joined 
with  one  another  by  a small  amount  of  cement  substance.  The 
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eiuiiiiel  prisiiis  are  in  general  arranged  in  parallel  rows,  but 
tliere  niay  also  be  bnndles  of  prisms  rnnning  diagonally  and  at 


angles  to  one  another  (Fig.  117). 

The  snrface  of  tlie  enainel  is  covered  by  a very  tliin  (about 
1 fl  tliick)  structureless  mein  braue,  the  cuticula  dentis. 

The  cement  (substantia  ossea)  (Fig.  116)  is  a true  bony  tissue, 
wliich  in  young  teetli  as  a rule  possesses  Haversian  Systems  and 
bone  lacume.  These  lacunm  are  wanting  in  the  neck  of  the 
tooth.  The  lamellated  structure  is  seldom  observed.  Large 


numbers  of  Sharpey’s  fibres  are  present. 

Blood-vessels  and  nerves  reacli  the  tooth  through  the  pul]) 
cavity.  Small  arteries  enter  the  pulp  and  break  up  into 
numerous  branches.  These  form  a network  with  oblong 
meshes  which  extend  up  to  the  odontoblast  layer  as  a capil- 
lary  plexus  (Lepkowski). 

Lymph-vessels  are  not  known  in  the  pulp  of  the  tooth. 

The  nerves  enter  the  pulp  in  several  bundles,  which  run 
mainly  in  the  centre,  giving  out  numerous  branches.  These 
fibres  form  a network  which  runs  toward  the  periphery.  The 
fibres  lose  their  medullarv  sheath  and  extend  as  fine  non-medul- 
lated  fibres  between  the  odontoblasts,  to  end  freely  in  small 
swellings  (Retzius). 


Development  of  Teeth. 

ln  the  beginning  of  the  seventli  week  of  foetal  life  the  epi-- 
thelium  covering  the  edge  of  the  jaw  grows  into  the  deeper- 
lying  connective  tissue  in  the  form  of  a ridge — the  so-called 
dental  ridge.  In  the  third  month  round  thickenings  occur  on 
the  labial  side  of  this  ridge,  which  form  the  beginnings  of  the 
milk  teeth  (Fig.  118).  At  the  same  time  certain  changes  take 
place  in  the  connective  tissue.  It  projects  into  the  lower  side 
of  the  thickenings  in  the  dental  ridge,  and  forms  in  each  thick- 
ening  a dental  papilla  or  tooth  germ.  In  consequence  of  this 
invagination  the  epithelium  forms  a sort  of  mantle  for  tlu' 
dental  papilla.  The  epithelial  covering  forms  the  starting-point 
for  the  enamel,  and  is  known  as  the  enamel  organ.  It  later 

separates  off  from  the  dental  ridge  by  a gradual  narrowing  of 
11 
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its  coniiectioii  witli  it.  The  place  of  juriction  which  remairis  is 
called  the  neck  of  the  enamel  organ  (Fig.  119).  In  tlie  region 
of  the  neck  the  dental  ridge  grows  downward  into  the  connec- 
tive  tissiie  on  the  lingual  side  of  the  milk  tooth,  and  forms 
another  ridge,  in  which  thickenings  occur.  Into  these  the 
papilhe  of  the  permanent  teeth  grow,  so  that  in  the  fifth  month 
of  foetal  life  there  are  present  the  beginnings  of  both  milk  and 
j permanent  teeth  (Fig.  119). 

Certain  changes  take  place  in  the  enamel  organ.  The  cells 
bordering  on  the  tooth  papilla,  the  so-called  inner  enamel  cells, 
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An  early  stage  in  the  development  of  a tooth  in  a pig’s  embiyo.  X 240. 
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beconie  hiorher,  while  the  ou termost  layer  of  cells,  the  outer 
enamel  cells,  become  more  flat.  The  cells  between  these  two 
layers  form  the  enamel  g)ulp  (Fig.  119).  In  the  latter  region 
the  intercellular  substance  increases  in  amount;  the  cells  become 
stellate  and  anastomose  with  one  another.  As  growth  goes  on, 
the  enamel  pulp  becomes  gradually  less  in  quantity,  and  flnally 
yanishes  almost  entirely.  Meaii while  the  connectiye  tissue 
around  the  tooth  forms  a capsule,  the  so-called  tooth  sac.  The 
deyelopment  of  the  hard  tissues  of  the  tooth  begins  with  the 
dentine.  This  is  a product  of  the  connectiye-tissue  cells  which 
lie  on  the  surface  of  the  dental  papilla,  and  are  known  as  odon- 
toblasts.  These  are  columnar  cells  arranged  in  a layer.  The 
dentine  begins  as  a thin  homogeneous  membrane,  the  memhrana 
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prcvformativa^  wliicli  lies  between  tlie  odontoblasts  and  the  inner 
enamel  cells.  Tliis  rnembrane  is  converted  into  dentine  and  in 
the  beginning  is  a non-übrillar  structure.  The  development  of* 
dentine  Starts  at  the  apex  of  the  tooth  papilla.  The  odonto- 
blasts send  processes  out  into  the  fine  canals  wliicli  are  forraed 
in  the  dentine,  and  these  processes  become  the  dental  fibres. 

Fig.  119. 
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embryo.  X bo. 

Calcium  salts  are  laid  down  in  the  fibrillär  ground  substance 
in  layers.  Numerous  small  areas  where  calcification  is  inconi- 
plete  or  absent  form  the  interglobular  spaces. 

Soon  aber  the  beginningof  the  dentine  formation  the  devel- 
opment of  the  enamel  Starts.  In  the  region  of  the  future  crowu 
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of  the  tooth  tlie  inner  enamel  cells  develop  a cntide-Iike  bor- 
der.  Toward  tlie  dentine  the  so-called  Tomes'  processes  ai*e 
sent  out,  wliich  give  rise  to  the  enamel  primis.  Finally,  calci- 
hcation  takes  place  from  the  centre  to  the  periphery,  both  in 
the  prisms  and  in  the  cement  substance  joining  them.  The 
enamel  cells  disappear,  the  cuticle  is  })ushed  to  the  surface  and 
forms  the  dental  cuticle. 

The  development  of  the  cement,  which  is  a product  of  the 
inner  wall  of  the  tooth  sac,  takes  ]>lace  later  as  a sort  of  peri- 
osteal  bone  formation. 

3.  The  Tongue. 

The  tongue  is  an  organ  consisting  largely  of  sti*iated 
muscle.  Its  mucous  membrane,  which  is  a continuation  of 
that  lining  the  mouth  cavity,  is  differentiated  in  certain  places 


Fig.  120. 


Two  filiform  papillsp  from  tlie  anterior  part  of  the  human  tongue.  X 80. 

in  a characteristic  fashion.  ln  inost  animals  certain  parts  of  it 
possess  a distinct  corneous  layer,  but  the  most  essential  struct- 
ures  are  the  so-called  papillce.  In  man  tliere  are  three  kinds 
of  these : 
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PapillsB  ßliforiues ; 

Papillae  fiuigifornies ; 

Papillse  circumvallatae. 

^Y\\e  pap illce  filiforines  (Fig.  120)  are  0.7-3  mm.  in  length, 
round  or  pointed,  and  covered  by  a layer  of  cornified  flat 
stratified  epitlielium.  Tliis  in  soine  animals  [e.  g.,  cats)  fornis 
a sliarp,  pointed  projection  of  liard  epithelial  cells.  The  tunica 
propria  linder  the  epitlielium  sliows  several  (five  to  twenty) 
small  papillae,  tlie  secondary  pajnllce,  whicli  correspond  witli 
the  vascular  papilhe  of  the  skin.  The  filiform  pajiillie  are 
distributed  over  the  entire  upper  surface  of  the  tongue. 

The  papillm  fungiformes  (Fig.  121)  are  0.7— 1.8  mm.  in 
length,  and  have  a round  form  which  suggests  that  of  a small 
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Perpendicular  sectioii  through  a papilla  fiingifonnis  of  the  human  tongue.  X 45. 


mushroom.  They  are  present  mainly  on  the  anterior  part  of 
the  tongue,  and  are  distinguished  easily  from  the  other  papilla 
by  their  red  color,  which  is  due  to  their  thin  epithelial  coveriiig 
and  rieh  blood  supply.  They  are  covered  with  epithelium 
similar  to  that  of  the  mouth  cavity,  and  show  many  secondary 
papillse. 
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The  papiUce  vallatw  oi*  circumvallatce  (Fig.  122)  are  so 
iiained  oii  account  of  beiiig  suri'ouncled  by  a sort  of  treiich. 
lliey  are  about  iiiiie  or  teil  in  nuniber  in  man,  and  are  arranged 
in  two  lines  wliich  diverge  forward  from  tlie  foramen  eseeum  at 
tlie  back  of  tlie  tongue.  Tliey  tlms  form  a V-shaped  line,  with 
tlie  apex  behind  and  tlie  arms  forward.  They  resemble  the 


Fig.  122. 


Perpendiciilar  sectioi)  throngli  a i)a})illa  vallata  of  tlie  human  tongue.  x x,  taste 
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jiapillae  fungiformes  somewliat  in  general  form,  bnt  are  consid- 
erably  largei;  tlian  tliese,  usually  measuring  1-2  mm.  in  diam- 
eter  and  1 mm.  in  lieiglit.  They  are  usually  sunken  in  the 
mucous  membraiie  and  surrounded  bv  a «froove  and  a wall. 

t o 

The  latter  is  somewliat  lower  thaii  the  papilla.  Oiily  the  upper 
surface  possesses  secondary  papilhe ; the  side  walls  remaiii  free 
from  theni.  The  latter,  lioweA^er,  show  the  end  apparatus  of 
the  nerves  of  taste,  the  so-called  taste  hulbs.  These  are  sonie- 
tinies  found  also  in  the  wall  on  the  opposite  side  of  the  trench. 
Their  intiniate  structure  is  described  in  the  section  on  Sense 
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Organs,  liito  tlie  trencli  immerous  serous  glaiuls  (v.  Ebner’s) 
open  (Fig.  122). 

At  the  side  of  the  tongue  of  sonie  aninials  (mainly  tlie 
rabbit)  tliere  is  found  another  kind  of  papilla,  tlie  papilla 
foliata.  There  is  in  the  rabbit  a white  area  about  1 cm.  long, 
situated  on  eacli  side  of  the  posterior  part  of  the  tongue.  It  is 
made  up  of  many  papillae  foliatae  somewhat  resembling  the 
circumvallate  papillae,  separated  from  one  another  by  trenclies 
or  furrows.  They  are  covered  witli  stratified  epithelium,  and 
on  their  adjacent  sides  are  many  taste  bulbs  (see  under  Organs 
of  Taste).  * 

The  submucosa  of  the  tongue  is  firm  at  the  tip  and  along 
its  dorsal  surfaee,  but  looser  elsewhere. 

The  muscles  of  the  tongue  are  cross-striated.  Their  arrange- 
ment  will  be  found  in  works  on  gross  anatomy.  In  the  frog 
the  rauscle  fibres  are  frequently  seen  to  branch.  Between  the 
niuscle  bundles  there  are  glands,  fat,  and  intramuscular  con- 
nective  tissue.  The  lymphoid  tissue  of  the  tongue  is  spoken 
of  under  Liimual  tonsils.” 

The  blood-vessels  are  spread  out  in  a capillary  network 
under  the  epithelium,  which  is  especially  well  developed  in  the 
papillse.  The  lymphatics  have  a similar  course.  The  nerves 
end  in  part  freely  between  the  epithelial  cells,  and  ]iartly  in 
various  terminal  end  Organs  (Krauses  end  bulbs,  Meissner’s 
taste  corpuscles  and  taste  buds). 

4.  The  Tonsils. 

The  adenoid  tissue  is  well  developed  around  the  borders 
of  the  mouth  cavity,  forming  an  organ  which  Waldeyer  lias 
called  the  lymphatic  pharyngeal  ring.  Tliis  tissue  may  be 
divided  into  three  main  masses,  that  which  is  in  the  tongue 
{lengual  tonstls^^  that  associated  with  the  palate  {^palatine 
tonsils),  and  that  situated  in  the  pharynx  (^pharyngeal  tonsils). 

The  lingual  tonsils  {folliculi  linguales)  are  situated  in  that 
part  of  the  tongue  between  the  circumvallate  papillm  and  the 
epiglottis.  They  are  round  masses  of  adenoid  tissue  lying  in 
the  upper  part  of  the  tunica  propria,  easily  visible  to  the  naked 
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eye,  and  sliglitly  projecting  above  tlie  suidace  of  tlie  mueo.sa. 
In  tlie  ceiitre  of  these  inasses  is  a deep  dejire.s.sion,  kiiown  iis 
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is  a blind  eanal  lined,  like  tlie  snrface  of 
Stratilied  epitlielium  (Fig.  11^3).  It  is  dis- 
tlie  e|)itlieliiini  of  the  tongue,  however,  by 
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Froin  a tliin  section  tliroiigh  a lingual  follicle  of  man.  X 200. 


the  presence  of  places  where  the  lymphocytes  have  pushed 
their  way  between  the  epithelial  cells  to  reacli  the  surface 


PLATE  XII 


Fig.  125. — Sectioii  tlirough  a dog’s  tonsil.  At  x x tliere  are  seen  lencocytes  whicli  liave 

wandered  out  from  tlie  l'ollicdes.  X 15. 
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124).  The  lympliocytes  which  escape  at  these  j>lacet> 
form  tlie  salivary  corpuscles  of  tiie  saliva.  1 lie  adenoid  tissue 
linder  tlie  epitlielium  is  divided  into  follicles  wliicli  resernble 
those  of  the  lymph  glands,  possessing  a gerrninal  centre  and  a 
dense  peripliery. 

The  diicts  of  the  mucous  glands  of  the  root  ot  the  tongne 
often  open  into  the  crypts. 

The  palatine  tonsils  have  a structnre  similar  to  that  of  the 
lingual  tonsils,  with  the  exception  of  being  mnch  larger  and 
possessing  ten  to  twenty  follicles  and  a nnmber  of  crypts 
(Plate  XII. , Fig.  125).  The  follicles  are  situated  at  aboiit  the 
same  level  as  the  tunica  propria  and  [lossess  usually  very  dis- 
tinct  gerrninal  centres.  The  ejiitheliiim  covering  them  is  in 
many  places  pierced  partly  or  completely  by  an  encroachment 
of  the  adenoid  tissne.  The  crypts  always  contain  a luiniber  of 
lympliocytes  and  may  be  branched. 

The  tonsils  can  easily  be  seen  at  the  pillars  of  the  fauces, 
and  when  inflamed  may  become  so  large  that  they  almost  or 
quite  meet  in  the  median  line. 

The  pharynyeal  tonsils  lie  at  the  upper  part  of  the  pharynx, 
mainly  in  the  naso-pharynx.  Their  structnre  is  essentially  the 
same  as  that  of  the  palatine  tonsils.  The  crypts  are  clothed 
often  with  ciliated  epitlielium,  and  are  live  or  six  in  number. 
Into  these  open  the  mixed  glands,  which  form  a distinct  layer 
linder  the  follicles.  There  is  here  also  a migration  of  lympho- 
cytes  through  the  epithelial  covering  of  the  orgaii.  It  is  these 
tonsils  which  on  hypertrophy  form  the  so-called  adenoids  which 
often  are  foiind  in  children. 


Development  of  Tonsils. 

The  development  of  lingual  tonsils  begins,  according  to 
Stöhr,  in  the  eighth  month  of  foetal  life.  Leucocytes  w^andtn* 
out  from  the  veins  of  the  tunica  propria  and  infiltrate  the  loose 
connective  tissue  around  the  ducts  of  the  mucous  2:lands.  The 
further  growth  of  the  adenoid  tissue  thus  formed  takes  place 
by  the  conti  mied  migration  of  leucocytes  and  by  mitotic  divi- 
sioii  of  these.  The  wandering  of  leucocytes  from  the  lingual 
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tonsils  iiito  tlie  moutli  cavity  tlirougli  the  epitlielium  begiiis 
early.  It  iiiay  be  iioticed  in  tlie  eightli  month  of  foetal  life, 
and  increases  after  tliis. 

The  palatine  tonsils  arise,  according  to  His,  in  a depression 
whicli  represents  tlie  space  between  the  second  and  third  bran- 
chial  arclies.  This  is  clothed  by  the  mucous  inernbrane  of  the 
month  cavity.  The  crypts  are  formed  by  the  downward  growth 
of  solid  niasses  of  cells  from  the  epithelium  (Stöhr),  a process 
which  occurs  at  the  end  of  the  fourth  month  in  the  life  of  the 
human  foetus,  and  continues  throughout  the  entire  foetal  life  and 
for  the  hrst  year  or  two  after  birth.  The  solid  masses  of  cells 
later  on  become  hollow  and  ^ive  rise  to  the  blind  canals  or 
crypts  of  the  adult  organ.  ln  the  connective  tissue  of  the 
mucous  membrane  leucocvtes  besfin  to  gather  from  the  blood- 
vessels  during  the  third  month.  This  continues  up  to  the  time 
of  birth,  and  it  is  only  during  the  first  year  after  birth  that 
ilefinite  follicles  with  germinal  centres  are  to  be  found. 

5.  Glands  of  the  Month  Cavity. 

Under  this  heading  are  to  be  discussed  the  large  salivary 
glands  whose  diicts  0])en  into  the  moutli  cavity — i.  e.,  the 
parotid,  submaxillary,  and  sublingual  glands,  as  well  as  the 
smaller  glands  which  are  named  according  to  their  Situation. 
All  the  glands  of  the  month  may  be  divided,  according  to  their 
])roducts,  into:  1,  Scrons  glands,  which  secrete  an  albuminous 
serous  fiuid  ; 2,  Mucous  glands,  which  produce  a mucin-con- 
taining  secretion  ; and  3,  Mixed  glands,  which  simultaneously 
secrete  both  kinds  of  fluid. 

All  these  glands  are  tuhular.  The  smaller  are  simple 
branched  tubulär,  while  the  larger  are  compound  tubulär 
glands.  The  latter  are  capable  of  division  into  larger  and 
smaller  lobnies,  which  are  separated  by  connective  tissue  (Fig. 
126).  Fach  lobule  contains  ducts  which  divide  in  its  interior. 
The  small  lobules  correspond  with  simple  branched  tubulär 
glands. 

The  ducts  in  the  lobules  are  more  or  less  curved,  so  that 
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in  a,  section  tliey  are  cut  at  various  angles.  The  mai?i  ducts, 
which  open  iiito  tlie  mouth  cavity,  are  covered  by  one  or^  two 
layers  of  cylindrical  epitheliimi.  In  tlie  conneetive  tissue 
which  makes  np  their  outer  sheath,  we  ölten  (snbmaxillaiy 
duct)  find  smooth  mnscle  fibres  rnnning  longitudinally.  1 he 
main  duct  divides  into  many  sinaller  branches  {interlohiilar 
ducts),  which  are  lined  with  a single  layer  ol  cubical  or  cylin- 
drical epithelium.  Each  of  these  smaller  ducts  passes  over  into 
a salivary  duct  (intralohular  duct),  which  is  made  up  of  cylin- 
drical epithelium,  whose  cells  are  characterized  by  the  fact  tliat 


Fig.  126. 


-Salivary  duct 
cini 


Salivary  ducts 


•Interlobular  ducts 


Conneetive  tissue 
hetween  lohules 


From  a section  through  a dog’s  parotid  gland.  Several  lobiiles  are  to  be  seen.  X 22. 


their  basal  ends  are  plainly  striated.  This  striation  is  due  to 
small  granules  in  the  proto])lasm,  which  are  arranged  in  rows 
{Figs.  127  and  130).  While  the  interlobular  ducts  are  always 
present  in  the  conneetive  tissue  hetween  tlie  lobnies,  the  salivary 
ducts  or  intralobular  ducts  are  in  the  lobule  itself.  The  intra- 
lobular divides  in  the  lobule,  and  each  division  passes  over  into 
a so-called  intercalary  part,  or  intermediate  duct,  which  is  a 
tube  lined  with  low  cubical  epithelium  (Figs.  129  and  130;  Fig. 
127).  Many  authors  have  ascribed  to  the  intralobular  ducts 
secretorv  functions,  while  the  interlobular  ducts  conduct  the 
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secretion.  Tlie  same  secretory  function  lias  beeil  supposed  to  be 
possessed  by  tlie  intercalary  part.  The  intercalary  part  fiiially 
passes  over  iiito  tlie  main  glandular  tubes.  The  latter  are  blind 
tubes,  consisting  of  a glandular  epithelium  limited  on  tbe  Out- 
side by  a fibrillär  membrana  proj)ria,  on  wliose  inner  surface 
tliere  are  branclied  cells  surrounding  tbe  epithelia  cells.  These 
are  of  doubtful  origin,  and  are  known  as  bashet  cells. 

Tbe  gland  cells  of  a serous  tubule  at  rest  possess  a proto- 
plasm  filled  witb  bigbly  refractive  granules.  Tbe  nueleus  is 
small,  sbrunken,  and  irregulär  in  outline.  Düring  secretion 


Fig.  127. 
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From  a section  through  a human  parotid  gland.  X 450. 


tbe  cells  decrease  in  size,  and  tbe  protoplasm,  especially  in  tbe 
part  near  tbe  membrana  propria,  becomes  free  from  granules. 
At  tbe  inner  side  tbe  cells  still  contain  a few  granules,  wbile 
tbe  outer  part  bas  a })lainly  reticular  structure.  Tbe  nueleus 
becomes  round  and  sbows  a distinct  ebromatin  network 
(Fig.  180). 

Tbe  mucous  cells  bave  an  appearance  varying  witb  tbe  con- 
dition of  tli'eir  functional  activity.  Tbe  empty  cells — i.  e.^  tbose 
wbich  bave  been  active  and  bave  begun  to  rest — are  small  and 
contain  a granulär  protoplasmic  network.  Tbe  round  or  oval 
nueleus  lies  near  tbe  membrana  propria  and  possesses  a well- 
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iiiarked  chroiiuitiii  iietwork.  Düring  tlie  formation  of  mucm 
tlie  granules  increase  in  size,  and  finally  are  converted  into 
fluid  material.  The  meshes  of  tlie  protoplasmic  network 
become  wider  as  tlie  niucus  Alls  tlieni.  The  cell  grows  in  size 
and  has  a clear,  transparent  appearance.  The  nucleus  becomes 
irregulär  and  is  pressed  into  a corner  of  the  cell  or  against  the 
membrana  propria.  In  the  immediate  neighborhood  of  the 
nucleus  there  is  a small  quantity  of  unchanged  protoplasm. 
Düring  active  secretion  the  niucus  escapes  from  the  cell,  and  the 
granulär  protoplasm  near  the  nucleus  increases  in  aniount.  The 


Fig.  128. 


Demilunes  of  Gianuzzi 


From  a section  through  a human  sublingual  gland.  (Prei)aration  hy  R.  Krause.)  x .IbO. 

nucleus  becomes  oval  and  the  chroniatin  franiework  moi’edistinct, 
and  we  have  again  the  appearance  of  an  em23ty  cell  (Fig.  128). 

A mucous  cell  which  has  just  einjjtied  out  its  secretion,  and 
a serous  cell  are  very  similar  in  appearance.  Usually  cells  in 
the  Same  tubule  are  found  in  different  stages  of  secretion,  so 
that  their  appearance  is  very  different.  Soraetimes  a wh’ole 
tubule  is  made  up  of  one  kind  of  cell,  but  in  a great  many 
glands  both  serous  and  mucous  cells  are  present  in  the  same 
tubule,  and  we  have  then  to  deal  with  mixed  glands.  The 
parotid  in  all  animals  is  a purely  serous  gland ; also  the  sub- 
inaxillary  of  rabbits,  and  the  small  glands  in  the  region  of  the 
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circumvallate  papillse  of  tlie  tongue  are  serous  glaiids.  The 
pure  imicous  glaiids  are  usiially  small  and  scattered  througliout 
the  moutli  cavity.  The  submaxillary  and  sublingual  belong  to 
the  mixed  glaiids. 

In  Order  to  study  the  cell  arrangement  in  both  serous  and 
miicoiis  glands,  we  shall  consider  that  of  a typical  mixed  gland, 
human  submaxillary,  in  which  both  are  present.  A diagram 
of  such  a gland  is  given  in  Fig.  129.  Here  one  can  see  an 
intermediate  part  of  the  tube  entering  in  one  place  serous 
tubules;  in  another  place  it  enters  a nuicoiis  tubule,  which 
becomes  composed  at  the  end  of  serous  cells.  To  the  right  of 
the  diagram  is  an  intermediate  duct  entering  a mucous  tubule 
which  ends  blindly.  At  the  end  of  this  there  is  a cap-like 
muss  of  cells  resembling  serous  cells.  In  section  tliev  have  the 
form  of  a lialf-moon,  and  ai-e  knowii  as  the  demüunes  of 
Giariuzzi.  The  sigiiifieaiice  of  diese  cells  is  doubtfuh  Ac- 
cording  to  R.  Heideiihaiii,  they  are  young  gland  cells  which 
take  the  place  of  nuicoiis  cells  which  have  disintegrated.  No 
evidence  of  mitotic  or  ainitotic  division  has  ever  been  observed 
in  diese  cells.  Other  authors  regard  them  as  entirely  separate 
secreting  cells,  which  have  iiothing  to  do  with  the  miicons  cells; 
while  some  think  they  are  nierelv  nincous  cells  which  have 
discharo'ed  tlieir  secretion.  There  are  sonietimes  to  be  observed 

O 

in  these  cells  the  so-called  ^ecrdory  can  als  ov  capillaries,  which 
are  a continuation  of  the  Ininen  of  the  tubule  between  neiadi- 
borino'  cells.  Thev  are  found  often  in  sei’ons  tnbules,  and  are 
sonietimes  much  branched.  They  possess  no  wall  of  tlieir  own, 
and  are  dernonstrated  most  easilv  by  Golai’s  method,  in  which 
the  whole  lumen  is  filled  with  the  black  precipitate.  It  is 
highly  probable  that  the  demilnnes  of  Gianuzzi  have  the  power 
of  secreting  an  albnminons  flnid  ; and  if  this  is  the  case,  it 
is  necessary  to  consider  all  those  mncons  glands  which  contaiii 
these  cells  as  mixed  glands  (R.  Krause). 

The  salivary  glands  are  richly  supplied  with  blood-vessels. 
The  larger  vessels  run  in  the  connective  tissiie  between  the 
lobiiles.  Here  they  break  up  into  fine  branches,  enter  the 
lobules,  and  surroiind  the  tubules  with  a thick  capiliary  net- 
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Fig.  129. — Diagrani  of  human  subraaxillary  gland.  After  R.  Krause. 

Fig.  130.— From  a,  section  through  a human  suhmaxillary  gland.  Slained  hy  Kiondi’s  rnethod. 

X 000.  After  a preparation  hy  R.  Krause. 

Fig.  131. — From  a longitudinal  section  through  a villus  of  a (at's  intestine.  X 100. 
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work,  which  is  separatecl  from  the  gland  eells  hy  a thin  mem- 
braiia  })i*opria. 

Non-iiieclullated  nerve  fibres  form  a network  at  tlie  meni- 
brana  propria,  which  is  pierced  by  tlie  small  branches.  They 
become  thickened  in  a varicose  manner  aroiind  the  surfaces 
of  the  gland  cells. 


Having  described  briefly  the  general  characteristics  of  tlie 
glands  of  the  mouth  cavity,  a few  words  will  be  of  aid  con- 
cerning  the  pecnliarities  of  each  of  these  glands. 

The  parotid  is  a pnrely  serous  gland  in  man  and  in  raost 
animals  (Figs.  126  and  127).  The  secretory  capillaries  are 
seen  very  plainly  between  the  gland  cells. 

The  mbmaxillary  is  in  man  and  in  the  majority  of  animals 
a mixed  gland.  In  the  rabbit  it  is  pnrely  serons.  In  man  it 
contains  more  serous  tliaii  mncous  tubules  (Fig.  130).  The 
main  dnct  has  in  the  connective  tissue  a nnmber  of  longitud- 
inally  disposed  smooth  muscle  fibres.  The  frarnework  of  die 
submaxillary  gland  consists  of  a well-marked  capsule  with 
Strands  of  connective  tissue  extendino;  from  it  into  the  aland, 
dividing  it  into  lobules.  Fach  acinus  is  surrounded  by  a deli- 


cate  basement  membrane  which  has  a distinctly  fibrillär  struct- 
ure  (Flint).  These  basement  membranes  are  continuous  wirb 
a delicate  fibrillär  membrane  enclosins;  each  lobule.  Elastic 
fibres  have  been  found  surrounding  the  acini  of  the  mucous 
type.  These  are  absent  in  serous  alveoli. 

The  ducts  of  the  submaxillary  have  been  studied  bv  Flint 
by  means  ol  tlie  corrosive  methods.  In  general  the  ducts 
divide  like  the  branches  of  a tree.  The  intralobnlar  ducts  lie 
in  the  centre  ol  the  lobule.  These  pass  on  into  the  intercalary 
ducts,  into  which  the  acini  empty.  The  Inmen  of  the  acinus 
has  a dilated  appearance,  like  an  ampulla,  at  the  end  of  the 
intercalai-y  duct  (Fig.  132).  From  three  to  six  ampnllae  empty 
into  each  intercalary  duct. 


Development  of  the  SuhmaxiUary. — The  gland  appears  at  a 
fair  ly  early  date  as  a mass  of  large  epithelial  cells  arranged 
partly  in  columns  which  repi-esent  the  developing  ducts  and 
alveoli.  At  the  ends  of  these  columns  there  are  knob-like 
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swellings  showing  iminerous  karyokinetic  figures.  A ca])illary 
[)lexus  of  blood-vessels  develops  around  tlie  masses  of  epithe- 
lial cells.  The  eolumiis  of  cells  divide  many  times,  and  a 
limien  is  formed  in  thern  continuous  with  that  of  the  duct. 
The  interlobular  eonnective  tissue  develops  in  connection  with 
the  ingrowing  blood-vessels. 

The  nerves  in  the  siibraaxillary  are  nuinerous.  Some  end 
in  Pacinian  corpiiscles  (Krause);  some  supply  the  blood-vessels  ; 
while  most  of  theiii  terminate  in  the  secreting  alveoli.  These 
latter  pierce  the  basement  membrane  and  form  a rieh  arbores- 
eence  around  the  alveolar  cells  (Berkley). 

Fig.  182. 


<\)rrüsi()ii  speoimeii  of  dm-ts  ol‘  sMl)niaxilliiry  j?land  of  dog.  i Fliiii.)  The  diicts  were 
iiijected  with  {•elloidin  injoctiou  mass,  and  the  tissue  dissolved  away. 

The  sahlingaal  c/land  contains  no  entirely  serous  tubules. 
It  is  a mixed  gland,  but  in  man  is  in  large  part  mucous.  The 
cells  of  the  intralobular  ducts  are  not  striated,  as  in  some  of  the 
other  dands.  The  intercalarv  ducts  are  narrow,  and  are  lined 
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with  a low  CLibical  epithelium.  The  main  ducts  are  clothed 
with  cylindrical  epithelium,  and  break  into  many  small 
brau  dies  whose  walls  are  made  up  of  cubical  cells.  These  lead 
to  still  smaller  branches,  which  end  at  the  demilunes  of  Gianuzzi 
in  secretory  capillaries  (Fig.  128). 

The  small  gla/nds,  which  are  distributed  widely  over  the 
mouth  and  tongue,  are  tubulär  and  branched,  sometimes  simple, 
and  sometimes  compound.  The  body  of  the  gland  is  situated 
alwavs  in  tlie  submucosa,  often  extending  down  between  the 
muscles. 

According  to  their  location,  we  have : glandulae  labiales, 
buccales,  palatime,  linguales,  etc.  According  to  their  products. 
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we  iiuiy  distinguish  serous,  miicous,  and  mixed  glands.  They 
possess  neitlier  iiitercalary  nor  intralobular  duets.  llie  ducts 
often  are  eovered  at  tlieir  moutlis  witli  ciliated  epitheliuin. 

Serous  glands  are  found  onl y in  tlie  tongue,  in  tlie  region  of 
the  circumvallate  papillae.  Tliese  are  called  v.  Ebner  s glands. 
The  ducts  open  in  the  furrows  surrounding  the  circumvallate 
papillse.  In  tliese  glands  also  secretory  capillaries  may  be 
present. 

Small  mixed  glands  have  the  structures  described  for  the 
sublingual  gland.  Secretory  capillaries  are  plainly  to  be  made 
out.  To  diese  belong  the  labial  and  buccal  glands,  and  those 
glands  at  the  under  side  of  the  dp  of  the  tongue,  described  by 
Blandin  and  Nuhn. 

The  palatine  glands  and  the  glands  at  the  root  of  the 
tongue  are  purely  mucous. 


B.  PHARYNX. 

The  mucous  membrane  of  the  pharynx  resembles  that  of 
the  mouth  cavity.  We  find  here  also  a stratiiied  epitheliuin 
and  a tunica  propria  with  papillae.  The  stratiiied  epithelium 
of  the  nasopharynx  is  converted  in  the  region  of  the  nasal  cavi- 
ties  into  a many-layered  ciliated  epitheliuin,  which  is  continu- 
ous  above  with  the  ciliated  cylindrical  epithelium  of  the  nasal 
mucous  membrane. 

The  tunica  propi'ia  of  the  pharynx  is  supplied  richly  with 
adenoid  tissue,  which  in  places  is  collected  to  form  the  pharyn- 
geal tonsils.  Under  the  tunica  ]iropria  there  is  a layer  of  elastic 
fibres  running  longitudinally,  tlie  elastic  limiting  layer,  which 
is  continued  down  to  the  oesophagus,  wliere  it  gradiially  disap- 
pears.  It  lies,  for  the  inost  part,  on  tlie  inner  surface  of  the 
pharyngeal  muscles,  and  sends  strong  bands  of  elastic  fibres 
into  the  intermuscular  septa  (J.  Schaffer).  In  tliese  places 
the  submucosa  is  wanting,  and  the  mucous  glands  extend 
down  and  brauch  between  the  miiscle  bundles.  In  the  laryn- 
geal  part  the  elastic  limiting  layer  is  separated  from  the  mus- 
cle,  and  here  there  is  a distinct  submucosa,  in  which  the 
glands  lie. 
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The  outer  miiscle  layer  (the  constrictors  of  the  pharynx) 
consists  of  striated  muscle. 

C.  (ESOPHAGUS. 

ln  the  wall  of  the  oesophagus  eaii  be  distinguished  : mucosa, 
submucosa,  miiscularis,  and  tuiiica  adventitia. 

The  mucosa  is  similar  in  structure  to  that  of  the  mouth 
cavity.  It  possesses,  however,  a thin  layer  not  fonnd  in  the 
oral  mucoiis  membrane,  tlie  so-called  'miiscularis  'luucosce.  This 
lies  at  the  edge  of  the  tnnica  propria,  between  it  and  the  sub- 
mucosa,  and  consists  of  longitudinally  disposed  smooth  muscle 
cells.  Only  in  the  lower  half  of  the  cesophagus  is  it  a 
complete  layer. 


Fig.  133, 
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Part  of  a transverse  section  of  the  oesoi)liagus  of  a (log.  X 25. 

The  submucosa  consists  of  firm  connective  tissue  containins: 
blood-vessels,  nerves,  and  mucous  glands.  The  latter  do  not 
differ  from  tlie  mucous  glands  of  the  mouth  cavity.  They 
occur  throughout  the  entire  length  of  the  oesophagus.  The 
ducts  pass  through  the  muscularis  mucosae,  and  are  lined  for 
a short  distance  from  their  mouths  with  stratified  cuboidal 
epithelium.  Under  the  muscularis  mucosae  there  is  usually  a 
considerable  dilatation  of  the  lumina  of  the  ducts.  In  the 
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tiiilica  propria  tliere  is  always  a certain  amount  of  adenoid 
tissue  siuTOunding  the  ducts. 

In  the  mucosa  superficial  to  the  muscularis  mucosae  there 
are  other  glands  distinct  from  the  mucous  glands.  These 
occur  in  small  groups  situated  mainly  at  the  upper  part  of  the 
Oesophagus  and  near  the  junctioii  of  the  stomach  and  Oesoph- 
agus. They  have  been  described  by  Küdinger,  and  later  by 
Schaffer.  The  subject  has  recently  been  worked  over  by 
A.  W.  Hewlett,  who  applied  the  term  superficial  glands  to 
these  structures.  According  to  him,  the  glamls  are  of  the 
branched  tubulär  type.  The  tubules  show  in  many  places 
cystic  dilatations.  The  duct  is  lined  with  high  columnar 
epithelial  cells  with  oval  nuclei.  In  the  acini  the  cells  are 
lower  and  the  nuclei  are  more  spherical  and  situated  nearer  the 
base  of  the  cell.  Eesides  these  cells,  there  are  in  the  acini  cells 
identical  with  the  parietal  cells  of  the  stomach.  These  vary 
considerably  in  number.  The  cystic  dilatations  are  similar  to 
those  found  in  the  mucous  glands.  According  to  Hewlett,  the 
superficial  glands  differ  from  the  oesopliageal  mucous  glands  in 
the  following  particulars : They  are  superficial  to  the  muscu- 
laris mucosae,  and  tend  to  occur  in  groups  in  certain  places  in 
the  Oesophagus.  The  ducts  are  lined  with  a single  layer  of 
columnar  cells,  and  have  no  lymphoid  tissue  aboiit  them. 
They  frequently  contain  parietal  cells  and  do  not  stain  deejdy 
in  the  dyes  used  for  mncin. 

The  muscularis  consists  in  the  ujiper.part  of  the  (csopliagus 
of  striated  rnuscle ; in  the  lower  parts,  on  the  contrary,  there 
are  two  layers  of  smooth  rnuscle.  Of  these,  the  inner  is  cir- 
cular and  the  outer  longitudinal.  The  striated  rnuscle  in  the 
upper  part  is  continuous  with  the  inferior  constrictor  of  the 
pharynx.  It  is  found  often  extending  down  to  the  lower  third 
of  the  Oesophagus,  where  it  is  replaced  gradually  by  smooth 
rnuscle. 

The  tunica  adventitia  consists  of  loose  connective  tissue 
binding  the  oesophagus  to  the  siirrounding  structures. 

The  hlood-vessels  are  aiTanged  like  those  of  the  mouth 
cavity,  the  larger  arteries  and  veins  being  situated  in  the  sub- 
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mucosa,  with  branches  upward  to  tlie  mucosa  and  down  to  the 
inuscle. 

Tlie  nerves  are  like  those  of  the  intestine,  forming  two  large 
plexiises  of  sympathetic  fibres,  one  between  the  muscle  coats 
and  one  in  the  subinucosa.  The  latter  is  derived  from  branches 
of  the  fornier,  and  from  both  plexnses  finer  branches  are  sent 
out  to  various  parts  of  the  wall.  Medullated  nerve  fibres  end 
in  the  striated  muscles  in  motor  end  plates. 


D.  STOMACH. 

The  stomach  wall  is  made  up  of  mucosa,  subinucosa,  miis- 
cularis,  and  serosa  (Fig.  134). 


Fig.  134. 
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The  gastric  mucosa  lias  in  the  recent  state  a gray  or 
grayish-red  color.  The  surface  is  uneven,  and  possesses  certaiii 
small  depressions,  the  foveolw  gadriccE,  into  which  the  gas- 
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tric  glancis  open.  In  tlie  region  of  tlie  pylorns  tliere  are  small 
folcls,  called  i\\Q  'pllcce  villosm.  Furtlier,  tlie  wliole  surface  often 
is  divided  by  furrows  into  polygonal  fields,  wliicli  condition 
is  known  as  the  status  maimllaris.  Tliis  is  said  to  be  dne  to 
an  uneqiial  development  of  the  gastric  glands.  The  mncosa 
consists,  as  in  the  oesophagus,  of  epithelium,  tunica  propria, 
and  miisciilaris  mucosae. 

The  epitheUwm  covering  the  surface  of  tlie  mncosa  is  a 
single  layer  of  cylindrical  cells.  The  protoplasm  of  tliat  half 
of  the  cell  toward  the  surface  usually  is  clear  or  contains  very 
fine  granules,  while  that  of  the  half  next  the  membrana  pro- 
pria is  made  up  of  large,  coarse  granules.  The  oval  or  round 
nucleus  lies  generally  in  the  coarsely  granulär  j)art  of  the 
cell.  The  cells  only  exce]:)tionally  possess  a cuticle  as  in  the 
intestine. 

At  the  cardiac  end  of  the  stomach  the  single  layer  of 
cylindrical  cells  passes  abruptly  over  into  the  epithelium  of 
the  oesophagus. 

Under  the  epithelium  is  tlie  tunica  propria^  which  is  a loose 
connective-tissue  layer  containing  a considerable  number  of 
leucocytes.  The  lymphocytes  form  in  some  places  groups 
similar  to  the  solitary  follicles  of  the  intestine.  In  the  tunica 
propria  are  situated  all  the  gastric  glands,  of  which  we  distin- 
guish  three  kinds : 

Most  widely  distributed  are  the  ivue  gastric  glands  [gl.  gas- 
triccB  proprice).  These  ai*e  known  also  as  fundus  glands  or 
peptic  glands.  They  are  distributed  over  the  whole  fniidus 
and  body  of  the  stomach,  and  a])pear  as  simple  tubulär  glands 
(Fig.  135).  These  often  brauch,  take  a slightly  curved  course, 
and  traverse  the  whole  thickness  of  the  tunica  propria  as  far  as 
the  muscularis  mucosse.  Usually  many  of  these  open  into  one 
foveola,  which  is  as  deep  as  one-third  the  thickness  of  the 
mncosa,  and  which  mav  be  considered  as  the  2:land  duct.  In 
the  glands  one  can  distinguish  a neck  and  a body.  The  latrer 
ends  blindly,  and  the  lumeii  of  the  gland  is  everywhere  quite 
narrow. 

The  epithelium  lining  the  true  gastric  glands  is  made  up  of 
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two  kinds  of  cells,  tlie  chief  cells  and  tlie  parietal  celU  (Iw 
Heideiihain). 

The  ehief  cells,  also  called  adelomoophous  cells  (Rollettj, 
form  tlie  largest  part  of  the  gland.  These  are  round  or 
dubical,  the  form  and  size  depending  on  their  functional 
activity.  Düring  a period  of  fasting  and  at  the  beginning  of 
digestion  they  are  large,  while  after  digestion  has  proceeded  for 
a certain  length  of  time  they  beconie  much  smaller.  In  the 
fresh  condition  they  contain  nunierous  highly  refractive  gran~ 
nies,  wh ich,  as  in  other  glands  (pancreas,  parotid,  etc.),  disap- 
pear  in  the  outer  zone  of  the  cell  during  secretion.  These 
granules  are  supposed  by  most  authorities  to  consist  of  a sub- 
slance,  pepsinogen,  which  is  converted  into  pepsin. 

Tlie  parietal  cells  (delomorphous),  also  known  as  oxynilc 
cells,  are  larger  and  more  cons])icuous  tlian  the  chief  cells. 


Transverse  sections  of  glands  from  the  finidus  of  a niouse.  X 300. 

They  are  not  regularly  arranged  in  the  gland  tubules,  but  are 
scattered  here  and  there  in  the  rows  of  chief  cells.  In  the  neck 
of  the -gland  they  are  usually  very  nunierous,  and  may  lie  in 
rows  like  the  chief  cells.  They  are  generally  only  sparingly 
jiresent  in  the  gland  body.  Here  they  are  pressed  out  by  the 
chief  cells  against  the  membrana  propria,  so  that  they  seeni  to 
be  at  the  periphery  of  the  tubule.  iV  ci*oss-section  of  the 
tubules  gives  an  accurate  idea  of  the  relation  of  these  cells  to 
one  another  (Fig.  136).  The  parietal  cells  are  round  or 
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polygonal,  finely  granulär  celLs,  containing  one  or  two  spher- 
ical  iiuclei.  Tliey  are  ymallest  in  fasting  and  increase  in  size 
during  digestion.  In  tlie  fresli  state  tliey  are  clearer  tlian  tlie 
cliief  cells,  wliile  in  fixed  preparations  tliey  are  mucli  darker 
and  less  clear  tlian  tiiese.  Tliey  sliow  a speeial  affin ity  for 
such  stains  as  eosin,  Congo-red,  neutral  carniine,  etc. 

Tliose  parietal  cells  wliicli  are  not  situated  directly  on  the 
gland  lunien  are  connected  witli  it  by  a secretory  duct,  whicli 
breaks  uj)  into  a nuniber  of  secretory  capillaries.  These  Sur- 
round the  cells  like  a basket-work,  and  also  project  into  its 
interior.  The  cells  which  are  situated  along  the  edge  of  the 
gland  lumen  do  not  possess  a duct,  as  their  secretory  capillaries 
empty  directly  into  the  gland  lumen  (Figs.  137  and  138). 


Fig.  137. 


fjongitudinal  section  of  a fundus 
giaiid  of  a mouse.  Golgi  impregna- 
tion.  X 125. 


Fig.  138. 


From  the  fundus  glands  of  a 
mouse,  Basket-sha])ed  plexuses  of 
capillaries  are  seen  to  surround  three 
oxyntic  cells  and  to  open  into  the 
gland  lumen.  x dOO. 


Golgi’s  metliod  is  of  special  Service  in  the  investigation  of 
these  capillaries.  During  digestion  they  are  wider,  being  ßlled 
with  secretion. 

[t  is  snpposed  generally  tliat  the  parietal  cells  Inive  the 
property  of  secreting  the  acid  contained  in  the  gastric  Juice. 

The  pylonc  fffnnds  { cjl.  pylorixm)  are  distinguished  froni  the 
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fuiidus  glands  by  tlie  facts  tliat  tliey  branch  more  frequentiy  ; 
tliat  they  take  a more  curved  course ; and  that  tlie  foveola3  into 
wliicli  they  open  are  very  deep.  Eesides  these  things,  they 
consist  entirely  of  chief  cells.  Between  the  fundus  and  the 
pylorus  there  is  a tTansition  zone  or  Intermediate  zone  in  which 
both  tbrms  of  glaiids  are  present.  This  is  not  definite,  for  the 
parietal  cells  are  foiind  frequentiy  in  man  even  in  the  region 
immediately  around  the  [)yloi*us.  In  many  eases  no  part  of 
the  stomach  is  free  from  tliem. 

The  so-called  eavdiac  glands  are  present  in  that  region  of 
the  stomach  around  the  cesophageal  orifice.  They  are  com- 
pound tubulär  glands,  whose  elements  closely  resemble  those  of 
the  pyloric  glands.  Parietal  cells  seldoni  are  found.  In  this 
region,  as  well  as  in  the  pyloric  area,  there  are  found  not  infre- 
quently  cells  resembling  those  of  the  intestine — i.  e.,  cells  with 
a Striated  cuticle,  and  also  goblet  cells.  These  tubules,  resem- 
bling Liebei*kühn’s  glands,  do  not  extend  so  deeply  in  the 
tunica  propria  as  the  cardiac  glands. 

The  membrana  in'oirria  which  limits  the  epithelial  layer  of 
the  mucosa,  is  a thin  membrane  on  whose  inner  surface  there 
are  often  to  be  observed  fiat  branched  cells.  AVhere  the  glands 
lie  dose  to  one  another  the  tunica  pi’opria  is  very  inconspicuous. 

Under  the  tunica  pro}>ria  is  the  musculains  mucosce,  wliich 
consists  of  smooth  muscle  cells  Crossing  one  another,  but 
arraimed  usuallv  in  two  or  three  lavers  ])arallel  to  the  surfiice. 

The  tunica  suhimicosa  consists  ot  fine  connective  tissue 
which  contains  a considerable  n umher  of  elastic  fibres.  Fat 
cells,  blood-vessels,  and  ganglion  cells  are  seen  also.  The  latter 
belong  to  the  so-called  Meissner’s  plexus,  which  is  present 
throughout  the  alirnentary  canal. 

The  true  muscle  coat  of  the  stomach,  the  muscularis,  con- 
sists of  three  layers.  The  fibres  of  the  innermost  slieath  run 
obliquely ; the  middle  coat  is  circular,  while  the  outermost 
layer  is  disposed  longitudinally.  A thickening  of  the  inner 
and  middle  layers  fornis  the  sphincter  pylori. 

The  serosa  consists  of  a thin  layer  of  connective  tissue  cov- 
ered  by  a layer  of  endothelial  cells  (see  Peritoneum). 
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E.  INTESTINE. 


ln  tlie  intestine  we  caii  distingnisli  tlie  same  mirnber  of 
coats  as  in  tlie  stomacli  (Fig.  140),  narnely,  rnucosa,  subniu- 
cosa,  inuscularis,  and  serosa. 

The  snrface  of  the  miicosa  is  nowhere  in  the  intestine 
smootli.  It  possesses  two  kinds  of  inequalities,  whose  fiinction  is 
to  increase  the  area  of  the  surface.  There  are  ring-like  folds  of 
the  whole  mucous  meinbrane,  the  so-ealled  valvulxß  conniventes 
(plicse  conniventes  Kerkringii),  which  are  (levelojied  especially 
in  the  npper  part  of  the  intestine.  Besides  these  there  are  the 
villi,  which  are  folds  sirnply  of  the  epithelial  layer  and  tlie 
tunica  propria,  the  inuscularis  iiiucosa  continuing  in  a straight 
line  below  them.  These  are  foiind  only  in  the  small  intestine 
(PI  ate  XVII.).  They  reach  a height  of  0.2-1  mm.,  and  vary 
considerably  in  form  according  to  the  region  of  the  small  in  tes- 
tine in  which  they  occur.  ln  the  duodenum  they  are  leaf-like  ; 
in  the  jejnnum  and  ilenm  cylindrical  and  somewhat  thickened 
at  the  end.  They  lie  more  closely  together  in  the  dnodeniim 
than  elsewhere. 

We  find  also,  in  the  intestine,  cavities  in  the  form  of  simple 
tnbular  glands  (Lieberkühn' s glands)  whicli  enter  the  deptlis 
of  the  tunica  propria  at  the  bases  of  the  villi.  These  are  longer 
in  the  large,  than  in  the  small,  intestine. 

The  rnucosa  of  the  whole  intestine  consists  of  a sinde  laver 


of  epithelium,  a tunica  propida,  and  a inuscularis  mucosae.  The 
cells  of  the  epithelial  layer  (Figs.  131  and  143)  are  cylindrical 
with  a finely  granulär  jirotoplasm,  often  containing  manv  kinds 
of  granulär  inclusions.  The  nuclens  of  eacli  cell  is  oval  and 
lies  nsually  in  the  lower  half.  The  sides  of  the  cell  show  no 
definite  cell  membrane,  while  at  its  free  surface  it  shows  a char- 
acteristic  finely  striated  border.  These  are  known  as  border 
cells.  The  opposite  end  of  the  cell  often  runs  to  a point,  and 
is  separated  from  the  underlying  tissues  by  a thin  homogeneous 
basad  membrane. 

The  epithelium  of  the  glands  is  not  essentiallv  different 
from  that  of  the  villi.  The  cells  are  somewhat  lower  and  the 
striated  border  is  not  so  well  marked.  Among  these  epithelial 
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celLs  we  find  both  on  the  villi  and  in  the  glands  mucuy-pro- 
ducing  cells,  tlie  so-called  gohlet  cells  (see  under  Ejntheliwni). 
The  cells  fnll  of  secretion  possess  no  true  cell  membrane,  but 
only  a thickened  ectoplasni,  which  imdergoes  no  mucoid  change 
and  corresponds  with  tlie  crusta  of  F.  Schulze  (Fig.  131). 
These  goblet  cells  ai‘e  iinevenly  distributed,  but  are  especially 
abundant  in  tlie  large  intestine. 

It  is  not  fully  understood  wbether  the  goblet  cells  are  a 
difierent  kind  of  cell  or  a modified  form  of  the  cylindrical 

V 

cells.  Some  autliors  claim  tliat  every  young  cylindrical  cell 
bas  the  power  of  clianging  into  a goblet  cell,  and  tbat  a cylin- 
drical cell  is  really  a resting  goblet  cell.  Most  vvriters,  bow- 
ever,  believe  tbat  tbe  two  kinds  of  cells  are  separate  and 
distinct,  and  tbat  tbere  is  only  a superficial  resemblance 
betAveen  tbe  resting  goblet  cell  and  tbe  cylindrical  cell.  Many 
hold  tbat  niucus  can  be  ])roduced  by  any  of  tbese  cells.  In 
fasting,  tbe  nuinber  of  goblet  cells  increases ; likewise  during 
active  digestion,  as  also  in  poisoning  witb  pilocarpine,  tbey 
become  niore  nunierous.  In  connection  witb  tbe  regeneration 
of  tbese  cells,  Bizzozero  bas  observed  tbat  many  karyokinetic 
tiirures  are  found  in  tbe  Mands,  and  almost  none  on  tbe  villi. 
Tlius  Lieberkübn’s  glands  seem  to  be  a place  of  regeneration 
for  epitbelium  wbicli  bas  been  destroyed  by  ovei’secretion. 
Bizzozero  Claims  tbat  tbese  new  cells  are  pusbed  up  to  tbe  villi 
from  tbe  dands,  and  tbe  differences  in  form  of  tbe  cells  is 
due  to  tbeir  age.  On  tbis  tbeory  may  be  explained  tbe  great 
abundance  of  goblet  cells  in  tbe  large  intestine.  Tbose  on  tbe 
villi  are  destroyed  quickly,  and  must  be  replaced  by  cells 
formed  in  tbe  glands.  Tbis  condition  is  not  present  in  tbe 
larsfc  intestine,  owing  to  tbe  lack  of  villi  tbere,  and  tbe  goblet 


cells  accumulate. 

Tbe  epithelial  cells  are  joined  togetber  by  protoplasmic 
brido’es,  wbicb  are  best  seen  in  horizontal  sections  ol  tbe 
epithelial  layer — i.  e.,  cross-sections  of  tbe  cells.  Between  tbe 
bridges  are  spaces  wliicb  can  be  demonstrated  by  treatment 
witb  silver  nitrate.  Tbey  are  filled  witb  tbe  so-called  cement 
substance.  Tbe  niain  function  of  tbe  intestinal  epitbelium  is 
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that  of  ahsorption,  wliicli  can  best  be  observed  in  tlie  digestiori 
of  fat.  ßy  treatment  witli  osraic  acid  preparations  can  be  nmde 
whicli  sliow  all  stages  of  tliis  process.  In  what  form  tlie  fat 
enters  tlie  cells  is  iinknown,  but  it  is  probable  tbat  it  is  not  as 
an  emnlsion,  but  as  fatty  acids  formed  by  combination  with  tlie 
bile  salts.  ln  the  epithelial  cells  tlie  fatty  acids  are  converted 
again  into  neutral  fats.  It  tlien  appears  in  the  intercellular 
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spaces  in  the  form  of  fine  globules  which  pass  through  the 
basal  membrane.  From  here  it  reaches  the  lym])h  spaces  of 
the  parenchyma  of  the  villus,  and  finally  enters  the  central 
chyle  vessel  or  lacteal.  This  power  of  fiit  absorption  is  not 
possessed  by  the  epithelium  of  the  large  intestine. 

The  second  important  function  of  the  intestinal  epithelium, 
namely,  that  of  secretion,  is  carried  out  in  great  part  by  the 
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goblet  cells  wliicli  prodiice  nnieiis.  Tt  is  probable,  however, 
that  tlie  other  cells  of  the  glands  of  Lieberkübn  secrete  a spe- 
cific siibstance  wliich  is  a constituent  of  the  succiis  entericus. 

The  tunica  propria  consists  of  a reticular  coimective  tissue 
which  contains  a varyiiig  luimber  of  lymphocytes  and  other 
leiicocytes.  These  are  in  some  places  collected  in  inasses 
1-2  min.  in  diaineter,  which  lie  either  singly  {soUtary 
folUcles)  or  are  groiiped  togetlier  {Peyers  pafches  or  agmin- 
ated  follicles).  The  solitary  follicles  are  distributed  throiigh- 
ont  the  whole  alimentary  canal,  bnt  are  fonnd  especially  in  the 
intestine.  Their  development  begins  always  in  the  tunica 
propria  and  extends  through  the  whole  mucosa  down  to  the 
muscularis  mucosm.  They  often  cause  a bnlging  on  the  sur- 
face  of  the  epithelium,  and  not  infreqnently  break  through  the 
muscularis  mucosm  to  enter  the  submucosa.  The  villi  and 
o'lands  usuallv  are  distorted  in  tliese  regions.  In  the  snbmu- 
cosa  tliere  is  a srnaller  resistance  to  the  growth  of  the  follicle, 
and  it  conies  therefore  to  have  a fiask-like  form,  with  the  large 
end  in  the  submucosa  and  the  neck  in  tlie  mucosa.  The  struct- 
ure  of  the  solitarv  follicles  is  similar  to  that  of  the  follicles  of  a 

hJ 

lymph  gland.  A germinal  centre  is  always  present,  and  the 
newly  formed  lym})hocytes  proceed  from  this  place  out  to  the 
periphery  of  the  follicle.  There  they  enter  the  lymphatics  or 
at  the  surface  escape  between  the  ejiithelial  cells  into  the  lumen 
of  the  intestine. 

The  Peyer’s  patches  (Fig.  144)  are  rnet  with  in  the  ileum, 
more  particularly  near  its  junction  with  the  jejunnm.  These 
are  oval,  and  sometimes  several  centimetres  in  length.  They 
may  consist  of  as  many  as  sixty  follicles  lying  so  dose  to  one 
anotber  that  they  usually  are  compressed  and  deforraed. 
Often  adjacent  follicles  coalesce,  so  that  the  follicle  thus 
formed  seems  to  have  two  or  more  germinal  centres,  as  is  seen 
in  the  appendix  vermiformis.  The  follicles  reach  the  surface 
of  the  intestine  and  ai*e  covered  by  the  cohimnar  epithelium, 
bnt  there  are  seldom  found  villi  immediately  on  them. 

The  submucosa  is  separated  from  the  tunica  propria  by  the 
muscularis  mucosae,  which  is  a thin  layer  of  sniooth  muscle 
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fibres,  the  iniieriiiost  of  wliicli  run  circularly,  wliile  tlie  outer 
fibres  take  a longitudinal  course.  Froni  tlie  inner  layer  niusele 
fibres  rnn  between  the  Lieberküliids  glands  into  the  villi. 


Fio.  144. 
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Transverse  section  throiigh  a Peyer’s  patch  from  a cat’s  small  intestine.  X 25. 


These  are  supposed  on  eontraction  to  shorten  the  villi  and  to 
aid  in  forcing  the  chyle,  etc.,  froin  the  villi  to  the  large  lyin])h- 
atic  vessels. 

The  submucosa  consists  of  firm  connective  tissne,  with  glands 
only  in  the  region  of  the  duodenuin.  These  are  the  so-called 
Brunner^s  glands  (Figs.  140  and  142).  They  are  branched 
tubulär  oflands  whose  entire  hodies  are  situated  in  the  sub- 
nmcosa,  and  whose  dncts  pieree  the  muscularis  mucosae  and 
open  between,  or  into  Lieberkidin’s  glands.  These  are  occasion- 
ally  found,  not  only  in  the  duodenuin,  bnt  also  in  the  pyloric 
end  of  the  stomach,  just  as  pyloric  glands  are  sometimes  found 
in  the  duodenuin.  The  Brunner’s  glands  are  recmrnized  easilv 

^ O V 

by  the  fact  that  they  break  through  the  muscularis  mucosie  and 
into  the  submucosa.  The  cells  of  Brunner’s  (glands  are  cvlin- 
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drical,  finely  granulär,  and  much  like  those  of  the  pyloric 
glands.  Düring  secretion  tliey  ai-e  sinaller  and  less  clear  tlian 
wlien  110  food  is  being  digested.  The  blind  ends  of  tlie 
gland  tubules  are  dilated  often  like  tliose  of  alveolar  glands. 
Around  the  tubules  there  is  to  be  seen  a structureless  basernent 
rnenibrane. 

The  viuscularis  consists  of  an  inner  circular  and  an  outer 
longitudinal  laver  of  sniooth  muscle  fibres.  In  the  large  intes- 

cj  t)  O 

tine  the  outer  layer  is  very  thin  in  general,  but  is  thickened  in 
three  strong  flat  bands,  which  are  called  the  tmniee  coli.  In 
certain  places  the  circular  layer  is  thickened  also,  especially  at 
the  opening  of  the  rectum,  where  it  forms  a strong  circular 
band,  the  niusculus  sphincter  ani  internus. 

The  different  regions  of  the  intestine  are  distinguished  easily 
from  one  another  microscopically.  The  duodenum  is  character- 
ized  by  the  jiresence  of  Brunner’s  glands  and  leaf-like  villi ; 
the  jejunum  and  ileuni,  by  tlie  absence  of  these  and  the  presence 
of  columnar  villi.  The  ileuin  can  usually  be  distinguished 
from  the  Jejunum  by  the  greater  abundance  of  lymphoid 
tissue.  The  large  intestine  is  characterized  by  the  complete 
absence  of  villi,  the  abundance  of  goblet-cells,  and  the  dispo- 
sition  of  the  externa!  muscle  coat. 

Blood-vessels,  Lymph-vessels,  and  Nerves  of  the  Stomach  and 

Intestine. 

The  arran gement  and  relation  of  the  blood-vessels  in  the 
stomach  and  large  intestine  ai*e  so  similar  that  they  may  be 
described  together.  In  the  small  intestine  the  presence  of  villi 
causes  a considerable  difference. 

The  arteries  enter  the  intestinal  wall  from  the  outside  and  pass 
thron gh  the  outer  lavers  to  the  submucosa.  On  the  way  small 
branches  are  given  off  to  the  peritoneurn  and  the  muscularis, 
to  form  capillary  networks  in  these  regions.  In  the  submucosa 
the  arteries  break  up  to  form  a network  of  large  vessels  parallel 
to  the  surface.  From  these  arteries  branches  })ierce  the  muscu- 
laris mucosae  and  form  a second  finer  network  in  the  tunica 
propria,  which  gives  off  branches  to  make  up  a capillary  plexus 
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PLATE  XIX. 


P'iG.  145. — Blood-vessels  and  lyinpliatics  of  stomach.  (F.  Mall.)  M,  mucosa;  3fi,  mus- 
cularis  mucosiv ; S,  submucosa;  I and  (),  circular  and  longitudinal  muscles.  A,  blood- 
vessels  ; B,  inicroscopic  anatomy  ; C,  lyinpliatics.  X 70. 
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PLATE  XX 


Fio.  11(). — Kc<;onstriictiu)i  of  a small  pari  of  the  middle  zoiie  of  the  stomaeh.  ( F.  Mall.)  A,  artery  ; />,  vein  ; f,  lympliatie  ; a,  miicosa  ; ft,  musenlaris 

luiieosie;  c,  submucosa;  </,  r,  musclc  eu:its. 
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wliicli  surrouiids  tlie  glaiul  tubules,  and  passes  over  into  a 
venous  netvvork  wliich  is  situated  in  tlie  tunica  [)ropria.  Frorn 
liere  tlie  veins  enter  tlie  snbniucosa,  wliere  tliey  join  to  form 
large  vessels  wliicli  leave  tlie  intestine  by  patlis  similar  to  that 
taken  by  tlie  arteries  in  enteiing.  Froni  tlie  snbinncosa  also 
otlier  branclies  from  tlie  large  arteries  pass  down  ward  into  tlie 
ninscular  coats.  The  relations  of  tlie  vessels  of  tlie  stomach  ns 
deinonstrated  by  F.  P.  Mall  are  sliown  in  Figs.  145  and  14G. 

In  tlie  small  intestine  tliere  are  small  arteries  proeeeding 
from  tlie  snbglandular  network  to  enter  tlie  villi.  One  or 
sometimes  two  arteries  rnn  in  tlie  centre  of  tlie  villus  to  its  end, 
giving  out  Oll  tlie  way  side  branclies  wliicli  form  a capilln^y 
network.  44ie  branches  of  tliis  network  join  near  tlie  per- 
ipliery  of  tlie  villus  to  form  veins,  wliicli  descend  to  join  tlie 
snbglandular  plexus  of  veins. 

The  Brunner’s  glands  are  surrounded  by  a network  of  capil- 
laries  derived  from  the  submucous  branches.  The  ly  mph  folli- 
cles  gain  their  blood  supply  partly  from  the  submucous 
branches  and  partly  from  the  plexus  in  the  tunica  propria. 

The  beginning  of  the  chyle  vessels  is  between  the  glands  in 
the  stomach  and  large  intestine,  and  in  the  axis  of  the  villi  in 
the  small  intestine.  In  the  upper  part  of  the  villus  the  lymph- 
vessels  end  blindly  and  show  a certain  degree  of  anastornosis. 
These  join  to  form  the  central  chyle  vessel  or  lacteal.  Around 
the  Lieberkülin’s  glands  there  are  numerous  lymphatics,  wliicli 
form  a thick  network  below.  This  is  in  combination  with  a 
second  coarser  network  in  the  submucosa.  The  efferent  vessels 
pass  through  the  muscularis,  collecting  the  fluid  from  numerous 
lymphatics  in  the  muscle  and  from  a lymphatic  plexus  between 
the  muscle  layers.  The  lymph-vessels  leave  the  intestine 
between  the  two  layers  of  the  mesentery.  Around  the  follicles 
the  lymph-vessels  form  a network  with  sinus-like  dilatations. 

The  nerves  of  tlie  alimentary  canal  arise  mainly  from  the 
sympathetic  System.  The  non-medullated  fibres  enter  at  the 
mesenteric  border,  pierce  the  external  muscle  layer,  and  form  a 
peculiar  plexus  between  this  and  the  internal  muscle  coat.  This 
is  called  \k\^  plexus  my enter icus  or  Auerbach' s plexus.  Where 
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tlie  ßbres  inaking  up  tlie  large  mesliwork  come  togetlier,  tliere 
are  enlargemeiits  coiisistiiig  of  many  multipolai*  ganglioii  cells, 
froiii  wliicli  new  iion-medullated  fibres  proceed.  These  cells  are 
to  be  observed  in  sections  froni  any  part  of  the  alimentary  canal, 
as  large  eells  witli  niueh  protoplasni  staining  briglitly  in  eosin, 
and  a lar^e  vesicnlar  nncleus  with  well-inarked  niicleolus. 

Froni  tliis  plexus  branclies  are  sent  into  tlie  submncosa,  wliere 
thev  form  a second  network,  ßner  and  more  delieate  than  tlie 
first,  known  as  Jleiss/ier’s  plexm.  In  tliis  tlie  meshes  are 
snialler,  tlie  fibre  bundles  more  delieate,  and  tlie  cell  groups  not 
nearly  so  large.  Froni  tliis  plexns  fibres  run  tlirougliout  tlie 
submncosa,  and  end  also  in  tlie  niuscularis  mucosse  and  tlie 
mucosa.  Tliey  extend  into  tlie  villi  and  end  under  tlie  epi- 
tlielium  in  small  swellings. 


F.  PANCREAS. 

The  pancreas  is,  like  the  salivary  glands,  a compound  acino- 
tnbular  gland  divided  by  connective-tissue  septa  into  lobules. 
Two  dnets,  the  duct  of  Wirsung  (ductus  pancreaticus)  and  the 
dvet  of  Santor'uli  (ductus  pancreaticus  accessorius),  conduct  the 
external  secretion  to  the  intestine.  These  are  lined  with  a 
simde  laver  of  cvlindrical  eiiithelium,  which  is  surrounded  by 
connective  tissue  containing  small  niucous  glands.  The  inter- 
lobular  ducts  pass  directly  into  narrow  interinediate  ducts 
(Fig.  147)  lined  with  flat  epithelial  cells.  The  latter  pass  over 
into  the  secreting  end  tubules  of  the  gland. 

The  dandnlar  cells  of  these  end  tubules  resemble  those  of 
the  serous  tubules,  as,  for  example,  in  the  parotid  gland.  They 
are  rounded  cells  with  highly  refractile  granules  on  the  side 
toward  the  lunien  of  the  tnbule.  Ihese  are  called  zyinogcu 
gvciuulcs,  The  nncleus  lies  in  the  outer  non-granular  part  of 
the  cell.  The  nnmber  of  zymogen  granules,  as  well  as  the 
relation  between  the  innei*  granulär  zone  and  the  outer  clear 
part  of  the  cell,  varies  according  to  the  condition  of  the  gland. 
Duriiur  diirestion  the  2;ranules  gradually  vanish  and  the  cell 
becomes  clear.  ln  flisting,  the  granules,  on  the  contrary, 
increase  in  number,  and  the  granulär  inner  zone  takes  up 
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niore  than  half  of  the  cell.  The  granules  tliiis  seem  to  be  a 
sta2:e  in  the  formatioii  of  the  secretioii.  Here,  as  elsewhere  in 
serous  glands,  secretory  capillaries  are  present. 

In  the  secreting  cell  a strnctnre  lias  been  described  by 
M.  Nussbaum,  in  amphibians,  as  the  Nebenkern  (paranucleus). 
This  is  a small  body  lying  between  the  nucleus  and  membrana 
propria  in  the  non-grannlar  part  of  the  cell.  It  is  oval  or 
twisted  in  form,  and  is  stained  easily.  In  animals  that  have 
fasted  for  some  time  it  seldom  is  fonnd.  The  function  and 
significance  of  this  strnctnre  are  entirely  nnknown. 


Fig.  147. 


In  the  centre  of  the  end  tnbnles  one  often  linds  flat  cells, 
the  so-called  centro-acinar  cells  (Langerhans).  These  mnst  be 
considered  as  a continnation  of  the  epithelin m of  the  inter- 
calary  dncts  into  the  Inmen  .of  the  gland  tnbnles  (Fig.  148). 

The  tnbnles  are  snrronnded  by  a membrana  propria,  which 
contains  basket  cells.  The  processes  of  tliese  are  intiniately 
connected  with  the  Irland  cells. 

o 

In  the  centre  of  each  lobnle  there  can  be  observed  with  low 
powers  of  the  microscope  light-staining  areas.  These  were 
described  first  by  Langerhans,  and  are  known  generally  as  the 
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islaiids  of  Langerhans.  Their  striictiire  lias  been  described  by 
E.  L.  Üpie.  According  to  liim,  tliey  are  most  numerous  in 
tbe  splenic  end  of  tlie  pancreas.  He  describes  tliem  as  “ com- 
posed  of  cells  liaving  tlie  same  origin  as  those  of  tbe  glandnlar 
acini/’  and  riclily  supplied  with  blood  capillaries.  In  injected 
specimens  tlie  capillaries  stand  out  from  tbe  siirrounding  tissues 
like  a glonierulus.  It  bas  been  sbown  fairly  conclusively  tbat 
tbe  Islands  of  Langerbans  bave  to  do  witb  tbe  internal  secre- 
tion  of  tbe  gland  and  tbe  control  of  tbe  storing  up  and 
excretion  of  sogar  (Opie). 

T\\q  framework  of  tbe  pancreas  consists  of  a network  of  white 
and  elastic  connective-tissne  fibres.  Tbe  interlobular  septa 
contain  blood-vessels  and  ducts,  wbicb,  bowever,  do  not  run 
side  by  side,  as  in  tbe  salivary  glands,  but  enter  tbe  gland  and 
tbe  lobules  at  different  points  (Flint).  Tbe  lobules  are  inarked 
off  by  interlacing  connective-tissne  fibrils,  and  witb  tbese  tbe 
basement  inenibranes  snrronndino-  tbe  acini  are  continuous. 

O 

Tbe  lobules  are  polybedral  in  sbape,  but  do  not  possess  a 
bilus,  as  in  tbe  salivary  glands.  Tbe  franiework  of  tbe 
islands  of  Langerbans  is  niade  up  of  fine  interlacing  fibrils 
supporting  tbe  gronps  of  cells  and  tbe  capillaries.  Tliis 
strncture  is  sbown  in  a drawing  by  Flint  (Fig.  149). 

Tbe  nerves  of  tbe  pancreas  are  alinost  entirely  non-medul- 
lated.  Tbey  enter  tbe  obuid  witb  tbe  arteries  and  rainifv 
between  tbe  e})itbelial  cells  of  tbe  alveoli.  Small  ganglia  bave 
been  observed  in  tlieir  conrse. 

G.  LIVER. 

Tbe  liver  is  a compound  tnbular  gland  in  wbicb  tbe  tubules 
are  joined  by  numerous  anastonioses.  It  consists  of  many 
lobules,  wbicli  are  separated  by  a continuation  into  tbe  gland  of 
tbe  connective  tissue  of  tbe  capside  of  Glisson,  wbicb  surrounds 
tbe  wbole  organ.  Tbis  is  known  as  tbe  interlobular  connective 
tissue.  Tbe  lobules  bave  tbe  form  of  rounded  or  ])olygonal 
prisms,  and  in  section  appear  usually  as  polygonal  fields,  wbicb 
in  some  animals  (pig,  camel)  are  marked  off  very  definitely  by 
a strongly  developed  connective-tissne  framework  (Fig.  150). 
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The  lobules  are  iisually  to  be  seen  plainly  on  tlie  surface  of  tlie 
liver.  Eacli  lobule  sliows  a radial  aiTangeineiit  of  tlie  liver 
cells.  These  coluinns  of  liver  cells  racliate  from  the  central 
veiii  in  the  middle  of  the  lobule,  and  are  separated  from  one 
another  by  blood  capillaries.  Botli  the  capillaries  and  the 
coluinns  of  cells  anastomose  frequently  with  one  another. 


The  gland  cells  of  the  liver  are  polyhedral,  membraneiess 
structnres,  whose  protoplasm  is  fibrillär  and  contains  fine  gran- 
ules.  In  the  periphery  of  the  cell  the  protoplasmic  network  is 
dense  and  possesses  small  meshes,  while  near  the  centre  the 
meshwork  becomes  looser  and  more  open.  The  protoplasm  often 


Fig.  148. 


From  a section  of  a cat’s  pancreas.  X 580. 

contains  fat  and  bile  droplets,  glycogen,  and  ])igment  granules. 
The  cells  contain  usually  one,  but  often  two,  round  nuclei. 

Between  the  liver  cells  run  the  bile  capillaries  in  such  a 
maniier  that  they  touch  always  two  or  more  cells  (Fig.  151). 
There  is  thus  always  a part  of  a cell  between  each  bile  capillary 
and  the  nearest  blood  capillary.  Wlien  many  cells  snrround 
a bile  capillary,  it  may  be  compared  with  the  lumen  of  a sali- 
vary  gland  tubule.  When  the  capillary  is  between  only  two 
cells,  it  appears  as  a small  groove  in  each  cell  (Fig.  151). 
When  more  than  two  cells  touch  the  capillary,  the  latter  is 
situated  at  the  angles  of  the  cells. 

The  bile  capillaries  possess  no  distinct  wall  of  their  own, 
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except  tliat  formed  by  the  liver  cells  betweeii  wliicli  tliey  are 
situated.  It  seeiiis  that  tbe  bile  capillaries  begin  in  the  interior 
of  the  cell  in  canals  like  those  of  the  secretory  capillaries  in 
the  parietal  cells  of  the  fnndus  of  the  stomach  (Fig.  152). 
According  to  Browicz,  the  beginning  is  in  the  nucleus,  for  he 
sncceeded  in  finding  bile  droplets  there.  In  favor  of  the  intra- 
protoplas inic  origin  of  secretory  capillaries  is  the  fact  that 
secretory  yacnoles  in  the  protoplasm  are  in  connection  with  the 
bile  capillaries. 


Fig.  149. 


Framework  of  a lobule  of  the  liuuiau  paiicreas,  showing  the  coimective  tissue  of  an  islaiicl 

of  Langerhans.  (Flint.) 

By  ineans  of  Golgi’s  inethod,  it  is  possible  to  demonstrate 
the  course  of  the  bile  capillaries  and  the  presence  of  secretory 
vacnoles.  The  latter  begin  as  small  droplets  of  bile  in  the  cell, 
which  on  reachiim  a certain  size  becoine  discharo;ed  into  the 
bile  capillaries  between  the  cells.  They  represent  only  transi- 
tory  strnctures  depending  on  the  activity  of  the  cell.  Others 
hold  that  these  are  stable  intracellular  bile  paths,  which  often 
contain  bile  and  sometimes  do  not  (Browicz). 

In  niammals  tlie  bile  capillaries  anastomose  with  one 
another,  forming  a network  in  which  the  liver  cells  lie.  The 
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latter  are  surrounded  by  the  capillaries,  for  tliese  run  along 
many  surfaces  of  the  cells.  Tliese  capillaries  joiii  to  form 
interlobular  bile  ducts,  wliicli  are  liiied  witli  low  ciibical  epitlielial 
cells  possessing  a refractile  cuticular  border.  At  the  outside  of 
these  there  is  a homogeneous  membrana  propria.  The  wall  of 
the  large  bile  ducts  consists  of  a single  layer  of  cylindrical 
epithelium  and  a connective-tissue  capsule. 


Fig.  150. 


^ rO\  ohj. 


Transverse  section  of  a lobule  from  a pig’s  liver,  showiug  tlie  vena  centralis  in  the  centre, 
and  the  interlobular  connective  tissue  around  the  whole  lobule.  X 35. 

The  interlobular  connective  tissue  is,  as  we  have  said,  a 
continuation  inward  of  the  fibrous  capsule  of  Glisson,  which 
consists  of  fibrous  and  elastic  connective  tissue.  Only  a very 
little  of  this  tissue  enters  the  lobule  itself.  Here  the  framework 
is  made  up  of  the  so-called  “ Gitterfasern  ” of  Oppel.  These  are 
fine  radially  arranged  fibrils  surrounding  the  blood  capillaries, 
and  are  entirely  identical  with  the  true  reticulum  described 
by  Mall. 

The  liver  contains  blood-vessels  from  two  sources  (Fig.  156). 
The  arterial  blood  from  the  hepatic  artery  for  ms  only  a small  part 
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of  the  circulatioii.  The  larger  part  is  veoous  blood  enteriiig 
the  liver  from  the  veiia  portaj.  This  blood  not  only  br-ings  tlie 
niaterials  to  be  stored  uj)  in  the  liver,  but  also  nourisbes  tbose 
parts  of  tlie  liver  not  reacbed  by  tbe  arteries. 

Fig.  151. 


From  a thin  sectioii  through  the  liver  of  a siredon.  a,  lilood  capillary.  The  small  passages 

are  bile  eapillaries.  X 325. 


The  vena  portw  (Fig.  loo)  divicles  in  the  iiiterlobular  con- 
iiective  tissue  iiito  bmnches — interlobular  veins — which  form 
at  the  peri})hery  of  the  liver  lobule  a capillary  network,  in  the 
meshes  of  which  lie  the  coluinns  of  liver  cells.  The  eapillaries 


Fig.  152. 


Much  dllated 
bile  passage 


Nucleus 


Liver  cell  with  two  nuclei,  from  a human  liver  iti  which  there  is  a damming  back  of  the 
bile.  The  intracellulär  bile  passages  are  much  dilated.  (Preparation  by  Browicz.) 


proceed  from  all  sides  of  the  lobule  toward  the  central  or  intra- 
lobular  vein.  The  central  veins  in  tnrn  open  into  the  sublobu- 
lar  veins,  which  ruii'  alon«;  the  bases  of  the  lobules.  Manv 
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of  tliese  sublobular  veins  unite  to  form  tlie  hepatic  veins  wliicli 
carry  tbe  blood  iuto  tlie  inferior  vena  cava  (Fig.  15G). 

The  arterial  blood  supply  of  tlie  liver  is  mucii  smaller. 


Fig. 


153. 


Liver  cell  from  a dog.  In  the  nucleus  a liajinoglobin  crystal  is  to  be  seeu  ; in  tbe 
vacuoles  of  tbe  cell  body  brown  needle-like  crystals  of  nietluenioglobin  are  found.  Tbe 
latter  are  dne  to  tbe  entrance  of  duid  luenu)glol)in  into  tbe  liver  cells  after  intravenous 
baemoglobin  injection.  (Prepai*ation  by  Browicz.)  X TOO. 

The  braiiches  of  the  hepatic  artery  break  up  in  the  interlobular 
connective  tissue,  and  there  form  small  networks  around  the 
larger  bile  ducts  and  enter  the  liver  lobule  in  a direction  similar 


Nucleus 


VacuolcH 


Fig,  154. 


Central 

vein 


rde 

japillaries 


Bile  capillaries  in  tbe  liver  lobule  of  a rabbit.  (Cbrome-silver  nietbod.) 


X 80. 


to  tliat  taken  by  the  venous  capillaries.  Some  of  these  enter 
the  venous  capillaiies  and  some  proceed  as  far  as  the  centre  of 
the  lobule  to  empty  into  the  central  vein.  The  capillary  net- 
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Work  suiTOuoding  tlie  bile  ducts  in  the  iiiterlobular  connective 
tissue  forms  veiiis  wliicli  enter  tlie  interlobular  veins. 

It  will  be  seen  from  tlie  above  descriptions  tliat  tliere  ai’e  in 
the  liver  two  units,  a secretory  and  a blood  vascular  unit.  The 
foriner  is  quite  definite,  and  has  for  its  centre  one  of  the  small 
interlobular  connective-tissue  spaces  in  which  an  interlobular 
bile  duct  is  present.  In  these  spaces  there  is  also  usually  an 
artery  and  one  or  more  veins.  The  periphery  of  the  seci*etory 
unit  varies  considerably  in  outline,  but  can  ahvays  be  marked 
by  lines  drawn  between  all  the  nearest  central  veins.  It  thus 
takes  in  parts  of  at  least  three  and  sometimes  several  liver 
lobules.  The  bile  capillaries  of  these  lobules  run  in  different 
directions  toward  the  ducts  into  which  they  empty,  so  that  those 
of  one  liver  lobule  inay  belong  to  many  secretory  units.  The 
blood  vascular  unit  is  less  definite,  for  the  orgaii  is  built  up 
around  the  venous  svstem  more  than  the  arterial.  Takiim  the 

o 

arterial  System  as  a centre,  the  vascular  unit  would  be  rnuch 
like  tliat  described  for  the  biliary  System.  With  the  veins, 
however,  a much  more  definite  unit  is  formed,  which  can  be 
taken  in  two  ways  according  as  we  consider  the  entry  or  the 
exit  of  the  blood.  Taking  the  interlobular  veins  as  a central 
point,  units  can  be  mapped  off  which  include  parts  of  various 
liver  lobules,  as  in  the  secretory  unit.  If,  liowever,  the  central 
vein  be  considered  as  the  centre,  the  unit  would  correspond 
exactly  with  what  is  known  generally  as  the  liver  lobule.  This 
is  shown  in  Figs.  155  and  150.  The  liver  lobule  itself  is  a 
unit  formed  by  the  division  of  the  orgaii  by  connective-tissue 
septa.  The  franiework  of  the  liver  includes  the  pareiichyma 
in  the  form  shown  by  these  lobules. 

As  shown  in  Fig.  153,  the  blood  pigments  contained  by  the 
body  and  nucleus  of  the  liver  cell  may,  under  certain  condi- 
tions,  becorne  crystallized. 

In  Connection  with  the  walls  of  the  intralobular  blood  capil- 
laries may  here  be  mentioned  the  stellate  cells  of  v.  Ku]}ffer. 
At  first  these  were  considered  as  perivascular  connective-tissue 
cells,  but  in  later  years  it  has  been  determined  tliat  they  belong 
to  the  endothelial  coating  of  the  intralobular  blood  capillaries. 


PLATE  XXI. 


Fig.  15r). — I^lood-vessels  of  thi'eo  liver  lobules  of  a rabbit.  In  the  centre  of  eacb  lobule  is  a 
central  vein  ; at  the  ])eripbery,  the  interlobular  veins.  X bO. 


('eiitral 

rein 


SnhJohHlar 

rein 


Fig.  ].■)().  -Diaurain  of  tlu‘  liver.  Tbree  lobules  (I.,  II.,  TIT.)  are  to  be  seen.  The  bile 
passaKes  are  lilack,  the  arteries  red.  and  tbe  vcius  blue.  r.  ö,  venn  interlobularis  ; duct. 
'riie  direction  of  tbe  cireulation  is  indicatc'd. 
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Tliey  are  large,  finely  granulär  cells,  possessing  pliagocytic 
properties.  Tliey  are  found  coiitaining  foreigii  materials,  and 

red  and  white  blood-corpuscles. 

The  lymph-vessels  form  a thick  plexus  in  the  ca})sule  of  the 
liver,  which  sends  branches  into  the  interlobular  connective 
tissue.  Froni  between  tlie  lobules  bne  lymph-vessels  proceed 
along  the  intralobular  capillaries,  not  as  closed  cbannels,  but  as 
verivascular  lyinph  spaces.  These  surround  the  blood  capil- 
laries and  stand  in  dose  relation  witb  tbem. 

The  relations  of  the  lympbatics  of  the  liver  bave  been 
studied  by  F.  P.  Mall,  upon  wbose  description  the  following 
account  is  based  : The  forcing  of  a colored  fluid  into  the  bile 
duct  causes  an  injection  of  the  liver  lympbatics.  Tbis  is 
accomplisbed  tbrougb  the  perivascular  lympb  spaces  sur- 
rounding  the  blood  capillaries.  The  walls  of  the  blood  capil- 
laries consist  of  a layer  of  interlacing  reticulum  fibrils,  upon 
wbicb  is  placed  an  incomplete  layer  of  the  endothelial  cells  of 
V.  Kupflfer.  The  capillary  walls  are  tbus  quite  porous,  and 
tbere  is  but  little  resistance  to  the  passage  of  fluids  from  the 
capillaries  into  the  perivascular  spaces.  By  filling  the  blood- 
vessels  of  the  liver  witb  a colored  injection  mass,  an  injection 
of  the  perivascular  spaces  and  lympbatics  is  also  brougbt  about. 
The  perivascular  space  communicates  directly  witb  wbat  ]Mall 
terms  the  perilobular  space  wbicb  exists  between  the  liver  cells 
at  the  peripbery  of  the  lobule  and  tlie  interlobular  connective 
tissue.  The  perilobular  space  in  turn  communicates  witb  the 
lympb  radicals  by  means  of  the  interlobular  connective-tissue 
spaces.  Tbere  are  no  direct  cbannels  connecting  tlie  peri- 
vascular and  perilobular  spaces  witb  tlie  lympbatics  proper 
otber  tban  tlie  ordinary  spaces  between  tlie  connective-tissue 
fibrils  of  the  capsule  of  Glisson”  (Mall). 

The  nerves  of  tlie  liver  are  in  large  part  non-medullated. 
They  form  plexuses  in  tlie  interlobular  connective  tissue 
around  tlie  blood-vessels  and  bile  passages.  Sonie  of  the 
branches  from  tbese  networks  end  in  tlie  interlobular  struct- 
ures,  wbile  otbers  enter  tlie  lobules,  to  accompany  tlie  bile 
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capillaries  aiul  eiid  between  tlie  liver  cells.  At  tlieir  extreme 
ends  tlie  nerve  filaments  sliovv  varicosities  (Berkley). 

The  hepatic,  cystic,  and  comRion  bile  ducts  are  tlie  larger 
cliannels  concerned  in  tlie  conduction  of  tlie  bile  to  tlie  intes- 
tine. Tliey  consist  of  a niucosa,  submiicosa,  and  muscularis. 
The  mncosa  consists  of  a single  layer  of  coliimnar  epitlielium 
and  a tnnica  propria  wliicli  contains  small  saccnlar  mucous 
glands  and  a few  smootli  niuscle  fibres.  The  submncosa  is  a 
thin  connective-tissue  layer.  The  muscularis  has  been  studied 
in  the  whole  extra-hepatic  biliary  System  by  Hendrickson. 
According  to  him,  all  these  ducts  possess  a distinct  transverse 
longitudinal  and  diagonal  layer  of  smootli  niuscle  arranged  in 
a somewhat  plexiform  manner.  In  the  folds  of  the  cystic  duct 
known  as  the  Ileisterian  valve,  niuscle  is  also  present.  The 
transverse  fibres  of  the  cystic  duct  run  in  a circular  direction 
in  the  valve,  as  though  the  wall  at  this  level  had  been  invagin- 
ated.  Most  of  the  longitudinal  fibres  continue  down  the  duct, 
but  a few  turn  into  the  valve  almost  at  right  angles.  The 
dia«;onal  fibres  do  not  at  all  enter  the  valve.  At  the  entrance 

Fig.  157. 


Macerated  duodenal  portion  of  the  common  bile  duct  of  man.  All  of  the  intestinal  coats 
have  been  removed.  S,  spbincter  fibres.  (Hendrickson.)  X 5. 

of  the  common  bile  duct  into  the  intestine  at  the  duodenal 
papilla  an  accumulation  of  the  smootli  niuscle  takes  place,  to 
form  a sphincter.  Big.  157,  taken  from  Hendrickson  s work, 
shows  the  arrangement  of  the  niuscle  fibres  in  the  sphincter.  At 
the  junction  of  the  duct  of  AVirsung  (TB)  and  the  common  bile 
duct  {B)  there  is  a circular  disposition  of  the  fibres  forming  the 
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sphincter  (S).  From  tliis,  certaiii  fibres  (X)  ruii  down  along 
the  sides  of  tlie  iiitestine.  Otliers  (K)  run  from  one  side  of 
tlie  common  bile  duct  to  the  other  surrounding  the  duct  of 
Wirsung. 


Gail  Bladder. 

The  gall  bladder  has  been  studied  recently  by  M.  T.  Sudlei’, 
and  the  following  account  is  based  largely  oii  the  description 
given  by  him.  The  wall  consists  of  the  following  coats : 
mucous,  fibro-muscular,  subseroiis,  and  serous. 

The  mucous  coat  is  somewhat  corrugated  on  its  surface,  the 
folds  corresponding  with  ridges  in  the  underlying  fibro-muscu- 
lar  coat.  They  are  covered  by  a single  layer  of  columnar  epi- 
thelial cells.  Xo  goblet  cells  are  present.  Fat  droplets  have 
been  observed  in  these  cells  alter  chyle  absorption.  A few 
mucous  glands  are  found  in  the  tunica  propria  of  the  mucosa. 

The  fibro-muscular  coat  is  composed  of  a framework  of  con- 
nective  tissue  in  which  bands  of  smooth  muscle  are  laid  down. 
According  to  Hendrickson,  there  are  no  definite  layers  of 
muscle  in  the  gall  bladder.  Others  have  described  three 
indefinite  layers,  of  which  the  thickest  runs  transversely.  The 
portion  of  the  fibro-muscular  coat  just  beneath  the  mucosa  is 
made  up  almost  entirely  of  connective  tissue.  It  corresponds 
with  the  submucosa  of  many  organs.  In  it  there  are  solitary 
lymph  follicles  and  many  blood-  and  lymph-vessels. 

The  subserous  coat  is  made  up  of  interlacing  bands  of  elas- 
tic  tissue  fibrils.  The  serous  coat  is  the  reflection  of  the  perito- 
neum  on  the  surface  of  the  2:all  bladder. 

The  blood-vessels  penetrate  the  bladder  wall  and  divide  in 
the  fibro-muscular  coat  near  the  subserous  laver.  Arterial 
branches  are  given  off  to  the  mucosa,  in  which  there  is  formed 
a fine  network.  Fine  branches  run  also  to  the  subserous  and 
serous  coats.  The  veins  collect  in  the  fibro-muscular  coat. 

Over  the  surface  of  the  gall  bladder  run  large  lymphatics, 
wliich  are  derived  from  the  liver  and  from  the  coats  of  the  mill 
bladder.  In  the  subserous  layer  there  is  a network  of  irregu- 
lär lymph  channels  which  receive  the  lymph  from  a plexus  of 
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smaller  lympliatics  in  tlie  submucous  tissue  (Sudler).  These 
are  sliown  in  Fig.  158. 

The  nerves  of  the  gall  bladder  are  both  medullated  and  non- 
mednllated.  Sympathetic  fibres,  according  to  Huber,  supply 
the  blood-vessels  and  sniooth  niuscle  of  the  wall.  Dogiel  has 

Fig.  158. 


Reconstruction  of  wall  of  a do^^’s  gall-bladder.  (Sudler.)  A,  artery  ; V,  vein  ; L,  lym- 

])liatic.  X 60. 


described  ganodion  eells  in  this  Situation.  According  to  Huber, 
medullated  sensory  fibres  are  found  near  the  large  arteries  and 
distributed  to  the  mucous  membrane. 

The  development  of  the  various  structures  in  the  liver  has 
not  beeil  worked  out  thoroughly.  The  lobule  is  formed  late  in 
the  growth  of  the  embryo.  The  portal  and  hepatic  veins  are 
at  first  at  opposite  ends  of  the  organ,  and  the  regions  of  tissue 
around  them  have  nothing  to  do  with  one  another.  Later  on, 
by  a shifting  of  sonie  sort,  and  a new  formation  of  vessels,  they 
come  to  have  the  intimate  relation  seen  in  the  adult  liver. 
Much  of  this  change  has  taken  place  already  in  the  human 
embryo  by  the  fourtli  week. 

As  the  diverticula  grow  out  from  the  mid-gut  of  the  embrvo 
to  form  the  first  rudiments  of  the  liver  a j^rimitive  bile  duct  is 
established.  By  a branching  of  this  the  large  ducts  of  the 
Organ  are  formed,  but  it  is  uncertain  whether  the  bile  capil- 
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laries  are  formed  froni  tliese  or  liave  a separate  origiii  and  later 
becoine  c(3iinected  witli  tliem.  Tliis  subjeet  was  woi'ked  over 
by  Hendrickson.  According  to  tliis  antlior,  tlie  ca])il laries 
cannot  be  deinonstrated  by  tlie  Golgi  metliod  in  pigs’  einbryos 
less  tlian  5 cm.  in  length.  In  tliese  only  a few  appear  iinme- 
diately  around  tlie  large  branclies  of  tlie  portal  vein.  In 
liuman  embryos  5 cm.  in  lengtli  tlie  network  of  capillaries  is 
considerably  more  extensive.  In  older  embryos  tlie  niain  capil- 
laries gain  side  branclies,  and  tliose  encircling  different  portal 
branclies  finally  meet.  The  meslies  of  tlie  network  in  tlie  places 
wliere  it  first  appears  are  srnaller  tlian  wliere  tliey  are  subse- 
quently  formed.  Tliis  is  due  to  tlie  division  of  tlie  older  meslies 
by  side  branclies.  In  some  of  tlie  older  embryos  tlie  capillaries 
are  seen  to  be  continuous  witli  a larger  vessel  in  tlie  region  of 
tlie  interlobular  vein,  wliicli  probably  represents  tlie  interlobu- 
lar bile  duct. 

H.  PERITONEUM. 


The  peritonenm  lines  tlie  whole  abdominal  cavity  and  is 
refiected  over  the  Organs  contained  therein.  As  it  passes  out  to 
the  Organs  {e.  g.,  the  intestine)  it  forms  a double  layer,  known 
as  the  mesentery,  and  on  the  surface  of  the  Organs  themselves 
it  is  spoken  of  as  the  tunica  serosa. 

The  peritoneum  is  a thin  membrane  consisting  of  a connec- 
tive-tissue  layer  and  a single  layer  of  fiat  endothelial  cells. 
The  latter  cover  the  free  surface,  and  are  usually  polygonal  in 
outline.  The  cement  lines  between  the  cells  can  be  niade  out 
readily  in  specimens  treated  witli  nitrate  of  silver ; and  by 
special  methods,  especially  that  proposed  by  Kolossow,  struct- 
ures  which  generally  are  understood  to  be  protoplasmic  bridges 
can  be  deinonstrated.  Ihe  outlines  of  the  cells  are  often  wavv 
or  quite  irregulär. 

The  connective-tissue  layer  consists  of  interlacino;  connec- 
tive-tissue  bundles,  containing  nurnerous  elastic  fibres  and  con- 
nective-tissue  cells.  The  peritoneum  is  bound  to  the  underlying 
parts  by  meaiis  of  a connective  tissue  rieh  in  fat  and  elastic 
fibres.  The  so-called  subserous  connective  tissue  is  develojied 
more  strongly  in  some  places  tlian  in  otliers.  In  the  intestine  and 
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liver  it  is  so  scarce  that  oiie  caimot  distinguisli  it  as  a separate 

layer,  and  tlie  serosa  seems  to  be  a part  of  the  organ  upoii 
wliicli  it  lies. 

The  blood  supply  of  tlie  peritoneum  is  made  up  of  an 
extensive  capillary  network.  ilie  lyinpli-vessels  can  be  seen 
especially  well  in  the  inesentery  of  an  animal  which  has 
recently  had  a fatty  meal.  Here  they  stand  out  as  a white  net- 
work  of  anastoinosing  vessels.  The  nerves  are  non-medullated, 
and  end  either  freely  or  in  the  form  of  Pacinian  corpuscles 
(see  Nerve-endings). 


III.  RESPIRATORY  SYSTEM. 

A.  LARYNX  AND  TRACHEA. 

The  mucous  memhrane  of  the  larynx,  like  that  of  the  tra- 
chea,  consists  of  a ciliated  epithelium,  whose  cilia  mov^e  in  the 
direction  of  the  })haryngeal  cavity.  In  the  tiaie  vocal  eords 
and  Oll  the  posterior  snrface  of  the  epiglottis  is  found  a strati- 
fied  pavement  e])ithelinni.  In  tliese  places  the  tunica  propria 
forms  110  pa])ilhe. 

The  tunica  2R'opria  is  a connective-tissne  sheatli,  containing 
elastic  libres.and  leiicoeytes,  which  vary  in  qiiantity  in  different 
])laees.  Solitary  follicles  are  not  often  seen.  At  the  border  of 
the  e])ithelial  cells  is  a hasement  memhrane  (membrana  propria). 
This  represents  a thiekening  of  the  snbepithelial  eonnective 
tissne.  In  the  tunica  ]n*opria  there  are  many  sniooth  mnscle 
cells,  which  in  the  posterior  part  of  the  tracheal  wall  are 
strongly  developed  and  join  togetlier  the  ends  of  the  C-shaped 
cartihme  riims.  The  suhmucosa  contains  a nnmber  of  branclied 

O O 

tnbnlar  iinicons  glands,  which  are  largest  in  the  posterior  wall 
of  the  tracliea,  and  here  often  penetrate  into  the  mnscle  layer. 

The  cartilaginons  framieivorlc  of  the  larynx  and  tracliea  is 
made  np  of  hyaline  cartilage,  with  the  exception  of  the  carti- 
lage  of  Wrisberg  and  Santorini,  and  the  median  part  of  the 
thyroid  cartilage,  wliicIi  are  made  np  of  elastic  cartilage. 

The  blood-  and  lymph-vessels  form  wide  networks  parallel 
to  tlie  snrface.  The  nerves  show  small  ganglia  in  their  coiirse. 


FiCi.  ir)9. — Traiisvorsc  sectioii  of  ji  cat’s  ))roncliiis  1.75  nnii.  in  diaineter.  X 40. 
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and  eiul  partly  uiider  and  partly  in  tlie  epitlielium.  On  tlie 
lower  surface  of  tlie  epiglottis  tliere  are  small  taste  buds 
present. 

B.  BRONCHI  AND  LUNGS. 

The  tracliea  divides  to  form  tlie  bronclii,  of  wliicli  tlie 
largest  are  qnite  sirnilar  in  strncture  to  tlie  tracliea. 

The  mucous  memhrane  is  thrown  into  longitndinal  folds,  and 
covered  on  tlie  surface  with  a many-layered  ciliated  epithelin  in 
containing  a considerable  number  of  goblet  cells  (Fig.  159). 
The  mucons  membrane  of  the  smaller  bronchial  branches  con- 
sists  of  a single  layer  of  ciliated  epitlielium.  The  iunica  pro- 
pria  consists  of  connective  tissue  with  elastic  fibres  and  lenco- 
cytes.  The  smooth  mnscle  cells  here  form  a circular  layer. 
The  mucous  glands  break  through  this  mnscle  layer,  and  are 
first  absent  in  bronchial  twigs  as  small  as  1 mm.  in  diameter. 
This  is  also  about  the  place  where  cartilage  ceases  to  exist  in  the 
bronclii.  In  larger  bronclii  the  cartilage  lias  the  form  of  half 
rings,  while  in  smaller  branches  it  usually  appears  as  irregulär 
plates  which  are  arranged  on  all  sides  of  the  wall.  Toward  the 
Outside  tlie  cartilage  masses  are  surrounded  by  a fibrous  meni- 
brane  which  contains  elastic  tissue,  blood-vessels,  and  nerves. 

In  hronchioli  0.5  mm.  in  diameter  the  cartilaa:e  and 

O 

mucous  glands  are  absent,  and  the  mucous  membrane  consists 
of  a single  layer  of  ciliated  epithelial  cells,  aniong  which  ai*e 
mingled  many  goblet  cells.  The  mnscle  layer  surrounds  these 
bronchioles  as  a circular  slieath,  and  during  contraction  tlirows 
the  surface  into  longitudinal  folds. 

By  a division  of  the  bronchioles  there  are  formed  the  respi- 
ratory bronchioles,  from  which  thin-walled  diverticula,  the 
alveoli,  are  developed  (Fig.  IßO).  These  are  covered  by  the  so- 
called  respiratory  epitJieliuni.  The  epithelium  at  the  beoinnino' 
01  the  respiratory  bronchioles  is  ciliated,  aiul  becoines  gradnally 
cubical  and  theu  flat.  Tlie  respiratory  epithelium,  which  con- 
sists of  flat  non-micleated  cells,  hegins  in  the  form  of  small 
Islands  among  the  low  cubical  epithelium  of  the  respiratory 
bronchioles. 

W.  S.  Miller  has  glven  ns  a new  conception  of  the  lohule 
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of  the  hing  and  its  relation  to  tlie  blood-vessels.  The  following 
notes  are  based  on  bis  work.  He  speaks  of  the  last  division  of 
the  bronchus  before  it  breaks  up  into  tlie  hing  parenchyrna  as 
the  terminal  bronchus.  Froni  tliis  a niimber  of  otlier  passages 

Fig.  160. 


Alveolar  ( 
ducts  I ^ 


Blood-^ 
vessel 


Plenra- 


Alveoli 


Iiesj)iralor!/ 

bro)ichiole 


Bronchiole — 


Section  through  the  Umg  of  a cat.  The  respiratory  hroiichiole  di  vieles  to  form  two  alveolar 

ducts.  X öO. 


lead,  wliicli  are  connected  by  a central  clianiber,  known  as  the 
vestihuliua  (Fig.  161).  These  passages  open  into  the  atria, 
wliicli  commiinicate  by  means  of  the  air-sac  passages  witli  the 
varions  aw  sacs.  Around  the  periphery  of  the  air  sacs  are  the 
air  cells.  Tliis  can  be  seen  in  Fig.  161. 

The  terminal  bronchus  (average  diameter,  0.4  mm.)  con- 
tains  sniooth  muscle  cells  in  its  walls.  It  is  lined  with 
columnar  epithelium.  Between  tliis  and  the  atria  are  the 
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vestibula,  which  are  0.2  mm.  in  diameter.  Tlivee  to  six  of 
tliese  arise  from  tlie  end  of  each  terminal  bronelins.  Srnootli 
innscle  fibres  do  not  extend  beyond  tlie  vestibule,  biit  are  fonnd 
snrronnding  it  like  a spbincter.  Several  atria  communicate  with 
eacli  vestibule.  These  are  thin-walled  chambers  resembling 
the  air  sacs  in  their  possession  of  a network  of  blood  capillaries. 
Opening  from  eacli  atrium  are  two  or  more  aii-sac  passages, 
wliicli  average  0.143  mm.  in  diameter.  ihe  atria  and  air-sac 
passages  contain  no  muscle  cells.  The  air  sacs  are  irregulär  in 
sliape,  witli  an  average  size  of  0.511  mm.  by  0.313  mm.  Ihe 


Fig. 


Terminal  bronclius  of  a maminaliaii  hing.  i Miller.)  S,  air  sac;  A,  atrium;  B,  terminal 
bronchus;  V,  vestibule;  P,  air-sae  passage.  The  artery  is  shaded  and  the  vein  is  in 
outline. 


walls  are  thin,  and  are  made  up  of  capillaries  and  a little  con- 
nective  tissue  covered  by  flat  epithelium.  Irregulär,  thin- 
walled  diverticula  from  the  air  sacs  are  the  air  cells.  These 
are  lined  with  cells  of  two  kinds  : delicate  irreo;ular  cells  Ivins; 
over  the  blood-vessels,  and  small  flat  polygonal  cells  over  the 
meshes  of  the  capillary  network.  Similar  air  cells  may  arise 
from  the  bronchus  and  from  the  atrium.  Those  on  the  bronchi 
have  an  average  diameter  of  0.047  mm.,  and  those  on  the 
atrium  and  air  sac  0.113  mm. 

The  respiratory  bronchiole  of  some  authors  leads  into  two 

14 
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or  more  terminal  bronclii,  wliicli  are  the  same  as  the  alveolar 
(liicts.  The  alveolar  sacs  or  infundibula  correspond  with  Miller’s 
air  sacs.  Tlie  term  alveolus  is  applied  to  the  air  cells  (Schulze, 
Kölliker). 

The  interlobular  connective  tissue  contains  many  elastic 
lihres,  and  often  a considerahle  amount  of  pigment,  such  as 
coal-dust  breathed  iiito  the  lungs.  These  foreign  particles  are 
carried  away  by  the  lym])hatics  to  the  ly  mph  glands  at  the 
l)ase  of  the  bronclii,  where  usually  they  are  retained. 

The  pleurcß  consist  of  connective  tissue  containing  a good 
deal  of  elastic  tissue,  and  are  covered  on  their  free  surface  by 
hat  endothelial  cells. 

The  pulmonary  artery,  carrying  venous  blood  to  the  lungs, 
breaks  up  into  many  branches,  which  accompany  the  bronclii. 


Fig.  1G2. 


Part  of  a section  of  au  injectod  lung  froui  a rabbit.  X 300.  The  alveoli  are  seen  from  tbe 

surface  ; at  a au  alveolus  is  cut  through. 


The  arterial  eiid  twigs  form  a cajiillary  iietwork  which  sur- 
rounds  the  alveoli  (Fig.  162).  One  terminal  twig  usually 
supplies  several  alveoli.  From  this  capillary  network  venous 
branches  proceed  to  the  bases  of  the  bronclii  and  carry  out  the 


arterial  blood  to  the  lyidmonary  vein.  Düring  its  passage 
through  the  capillary  network  surroundiiig  the  alveoli  the 
venous  blood  absorbs  the  oxygen  of  the  air  through  the  walls 
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ot*  the  alveoli,  aiul  gives  out  in  turn  gases  vvliicli  are  to  be 
eliminated.  The  gases  pass  tlirough  the  vascular  epitlieliuin, 
tlie  coniiective  tissue  between  the  vessels  and  the  wall,  tlie  basal 
nieiiibraiie,  and  the  respiratory  e[)itlielium. 

Tlie  arterial  blood  supply  to  the  lung  is  accoiiiplished  by 
the  bronchial  arteries.  These  break  up  into  small  branehes, 
whicli  supply  the  bronclii,  the  interlobular  connective  tissue, 
and  the  walls  of  the  |)ulmonary  vessels.  There  are  numerous 
anastomoses  between  tlie  broncliial  and  pulmonary  Systems  of 
blood- vessels.  A part  of  the  blood  of  tlie  bronchial  arteries 
thiis  leaves  the  lungs  tlirougli  the  bronchial  veins,  and  a part 
througli  the  jnilnionary  veins. 

The  branehes  of  the  pulmonary  artery  follow  the  bronchus 
to  a point  beyond  the  terminal  bronchus.  As  has  been 
described  by  W.  S.  j\Iiller,  the  branehes  at  this  point  divide 
to  send  twigs  to  each  atrium.  From  these  a capillary  network 
is  formed,  which  surrounds  the  air  sacs  and  air  cells.  On  the 
peripheral  side  of  the  air  sacs  and  air  cells  the  capillaries 
gather  to  form  the  veins,  which  remain  at  the  outside  of  the 
lobule,  as  shown  schematically  in  Fig.  161.  The  network 
which  is  shown  in  Fig.  162  is  the  richest  capillary  plexus  in 
the  body.  It  is  tlius  seen  that  the  lobule  of  the  luno;  forms 

also  a blood  vascular  unit,  with  the  artery  in  the  centre  and 

the  veins  at  the  periphery.  An  exception  to  this  is  formed  by 
two  small  veins  arising  from  near  the  end  of  the  terminal 
bronchus. 

Lymphatics  in  the  lung  and  bronchi  have  been  studied  bv 

%/ 

iNliller.  In  the  bronchus  the  lymph- vessels  form  a network 
which  extends  as  far  as  the  end  of  the  terminal  bronchus. 
Here  branehes  are  sent  to  the  pulmonary  artery,  to  the  two 

small  veins  in  this  region,  and  to  the  veins  that  run  to  the 

pleura. 

Nerven. — Nerve  fibres  follow  the  bronchi  into  the  luno'  sub- 

^ ft 

stance.  L liese  consist  of  botli  niedullated  and  non-niedullated 
fibres.  The  sympatbetic  filires  sbow  small  ganglia  in  tbeir 
conrse.  These  nerves  innervate  the  muscles  and  mucoiis  mein- 
branes  of  the  bronchi,  and  also  the  walls  of  the  blood-vessels. 
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No  iierve-eiidiiigs  liave  beeii  foimd  in  the  walls  of  tlie  air  sacs. 
Berkley  lias  described  arborizations  of  fine  fibrils  upon  and 
between  the  cells  of  the  alveoli. 

IV.  URINARY  SYSTEM. 

A.  KIDNEYS. 

The  kidney  is  a compound  tubnlar  gland  ; biit  it  may  be 
considered  as  an  alveolotnbnlar  structure,  since  the  urinary 
tnbnles  are  dilated  at  their  ends  to  form  the  capsules  of  Eow- 
man.  Tliere  can  be  distingnished  in  this  organ  a medullary 
and  a cortical  snbstance,  a marked  difference  existing  between 
the  two  parts,  in  the  coiirse  and  structure  of  their  tubnles 
(Figs.  163  and  164). 

Tlie  medullary  snbstance  consists  of  a nnmber  of  cone-like 
divisions,  the  so-called  31alpighian  pyramids,  whose  apices 
extend  down  into  the  pelvis  of  the  kidney  as  papillte.  In  man 
the  nuniber  of  these  pyramids  varies  from  seven  to  twenty.  In 
many  other  mammals  there  is  only  a single  pyramid  and  one 
papilla.  These  pyramids  are  made  np  of  straight  tubnles 
extending  radially  from  the  apex  of  each  })apilla  to  the  border 
of  the  cortex.  From  the  medulla  the  straight  tubnles  extend 
np  into  the  cortex  in  conical  masses,  known  as  the  pyra7nids  of 
Fe/Tein,  or  medullary  rays.  It  will  be  noticed  that  the  Mal- 
pighian  })yraniids  are  many  times  as  large  as  the  pyramids  of 
Ferrein,  that  their  apices  point  in  different  directions,  and  that 
their  bases  are  approximated.  Fnrther,  the  jiyrarnids  of  Fer- 
rein are  situated  in  the  cortical  region,  wlhle  the  Malpighian 
pyramids  make  np  the  medulla. 

Each  tnbnle  has  its  origin  in  the  cortex  in  the  region 
between  the  medullary  rays,  in  a sac,  the  capsule  of  Boivman^ 
into  which  is  pnshed  a mass  of  blood  capillaries,  the  glomerulus, 
The  capsnle  of  Bowman  with  the  tnbnle  may  be  compared 
with  a rnbber  tnbe  possessing  at  the  end  a bnlb,  the  wall  of 
which  has  been  invaginated  from  the  ontside  by  a body  repre- 
senting  the  glomerulus.  The  space  in  the  invaginated  sac  is 
the  beginning  of  the  Inmen  of  the  urinary  tnbnle.  The  por- 
tion  of  the  tnbnle  next  to  the  Bowman’s  capsule  is  known  as  the 
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Fig.  163.— Longitiulimil  section  tlirougli  u purt  ufati  ape’s  kidiiey 
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PLATE  XXIV. 
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Fh4.  164.— From  a longitudinal  scction  throngli  tlie  cortex  of  an  aj)e’s  kidney.  X .V>. 
Two  medullary  rays  are  seen,  and  botween  them  tlie  Malpighian  corpnscles  and  convoluted 
tubnles.  An  artory  runs  tbrongh  tlie  centre. 


PLATE  XXV. 


Fic.  K).").— Diiisraimimtic  reitn^scntation  of  tlic  coursc  of  tlu‘  uriitary  caiials  (left)  and  tho 

kidiu'v  V(“ss(‘ls  (riiilit ). 

The  arteric.s  are  red,  the  veins  blue;  (•a])sules  of  Howmaii,  convoliited  tubules  1.  order 
and  loops  of  Heule  arc  l)laek  ; eunvoluttal  Inbiiles  11.  order  and  eolleetin«'  tnbnles  <>rav. 

I.,  II.,  III.,  IV.,  fonr  kidney  lol)iiles:  <i.  vas  atlerens;  e,  vas  efferens.  1.  Bowinan's 
ea])snle  : :2,  eonvolnted  tnl)iile  1.  order;  d.  deseending  liinb  of  loop  <,f  Heide;  4,  aseending 
lind)  of  loop  of  Heide;  .ö,  eoii  volntial  tidnile  II.  order;  U,  7,  eolleeting  tnbnles;  S.  iiapillarv 
dnet. 
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eonvoluted  tiibule  of  the  first  order.  At  tlie  begiiiiiiiig  of  tliin 
tliere  is  a y light  coiistrictioii.  After  takiiig  a very  tortuoas 
course  betweeii  the  medullary  rays,  and  foriniiig  what  is  called 
the  labyriiith  of  the  kidney,  these  eonvoluted  tubules  beeorne 
inucli  naiTower  and  enter  the  pyrainids  of  Ferrein.  Here  they 
take  a straight  course  as  far  as  the  border  ot  the  medulla,  and 
then  turn  abruptly  on  themselves,  beconie  considerably  thicker 
again,  and  proceed  upward  toward  the  surfaee  of  the  kidney, 
always  remaining,  however,  in  the  medullary  rays.  This 
straight  tubule  is  known  as  Henlds  hop,  of  whieh  there  are  the 
descending  and  the  ascending  arins  (ramus  descendens  et 
ascendens).  The  ascending  arm  of  Henle/s  loop  j)asses  over 
into  the  intermediate  tubule  or  co)ivoluted  tubule  of  the  second 
Order,  whieh  leaves  the  medullary  ray  and  takes  a tortuous 
course  in  the  labyrinth  similar  to  but  niuch  shorter  than  that 
pursued  by  the  eonvoluted  tubules  of  the  first  Order.  Froni 
the  labyrinth  the  canal  passes  back  into  the  medullary  ray  as 
i\\e  connectmg  tubule.  8imilar.  tubules  enter  the  pyrainids  of 
Ferrein  from  all  sides  and  open  into  the  larger  collecting  tu- 
bules, whieh  run  down  through  the  medulla  and  join  near  the 
apex  of  the  Malpighian  pyramid  to  form  the  so-called  papil- 
lary  ducts,  whieh  open  out  in  the  area  cribrosa  of  the  papilla 
in  from  ten  to  twenty  orifices. 

Fach  of  these  different  parts  of  the  urinary  canal  has  a 
characteristic  structure.  Evervwhere  there  is  a siimle  row  of 

o 

e|)ithelium  with  a fine  structureless  membrane,  the  membrana 


propria. 

riie  capsule  of  Bowman  is  related  to  the  glonierulus  in  such 
a way  that  the  latter  is  covered  closely  by  the  inner  wall  of  the 
capsule,  while  the  outer  wall  passes  over  into  the  wall  of  the 
eonvoluted  tubule  of  the  first  Order  (Fig.  166).  The  walls  of 
the  capsule  are  made  up  of  a layer  of  fiat  ejhthelial  cells  with 
a membrana  propria  composed  of  reticulum  (Mall).  The  cap- 
sule of  Bowman,  together  with  the  glonierulus,  forms  what  is 
known  as  the  Malpighian  corpuscle,  whieh  has  a diameter  of 
from  130  to  220  g.  A reconstruction  of  the  glonierulus  of  a 

^ as  beeil  milde  by  W.  B.  Jolinstoii  by  tlie  Born 
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Wiix-plate  iiietliod.  In  tliis  lie  tüuiid  thut  tlie  ailei'eiit  vfssel 
breaks  up  iiito  live  braiiclie.s.  These  form  a iietwork  of  capil- 
laries  whicli  anastomose  in  sucli  a maiiiier  rhat  three  maiii 
groups  are  formed  : a median  and  two  lateral  gronps.  Capil- 
laries  from  these  in  leaving  the  glomernlus  form  two  main 
branclies,  whicli  join  to  make  n|)  the  efferent  vessel. 


Fk;. 


Affere)it 

and 

efferent 

vessels  | Convo- 
■{  Inted 
i tubnies 
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i.  • ; • \ 
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(^onvoluted 
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urinary 
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Boivman’s 
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out  er  part 


Blood- 

vessel 


From  a section  tlmmgh  the  cortex  of  an  ai>e’s  kidney.  A Maljn'jthian  corpnscle.  togetlier 
with  the  heginniiig  of  tlie  urinary  canal,  is  shown.  X 350. 


The  eonvoluted  tnbnle  of  the  first  order  (38-42  in  diam- 
eter)  is  lined  with  enbical  epithelial  cells.  Near  the  capsule  of 
Bowman  we  find  a transition  from  fiat  cells  to  the  enbical  tyjie. 
The  protoplasm  of  the  enbical  cells  is  finely  granulär,  and 
shows  in  the  ]>art  of  the  cell  toward  the  Inmen  a definitely 
Stria  ted  appearance.  In  the  rest  of  the  cell  the  grau  nies  are 
arranged  radial  ly  in  rows.  The  borders  between  the  epithelial 
cells  nsnally  ca n not  be  made  ont  (Fig.  167). 
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Tlie  [>art  tliese  cells  take  in  the  secretion  ot  urine,  aml  tlie 
clianges  tliat  take  place  in  tliern  during  tliis  process,  liave  not 
definitely  been  niade  oiit.  In  secretion  the  cells  becoine  lower 
and  the  Ininen  of  the  tubule  wider  than  during  rest.  feecretory 
capillaries  have  not  been  deinonstrated. 

The  descending  arm  of  Henle’s  loop  is  a thin-walled  tube 
made  up  of  flat  epithelial  cells,  whose  nuclei  bulge  out  into  the 
lunien.  The  cells  are  so  arranged  in  the  tubule  that  in  a lon- 
gitudinal section  they  alternate  on  the  two  sides — that  is,  two 
cells  are  never  opposite  one  another.  In  cross-section  the  canal 
is  not  unlike  a blood  capillary.  The  membrana  propria  usually 


Fig.  167. 


CroSvS-section  of  a convoluted  tu])iile  from  the  kidney  of  a rabbit.  The  boundaries  of 
tlie  epithelial  cells  cannot  be  seeii.  Only  three  nuclei  are  shown.  The  rod-like  structure 
is  plainly  visible.  X 1100. 

is  seen  distinctlv,  and  the  whole  diameter  of  the  canal  is  from 
9 to  15  fx. 

The  ascending  arm  of  the  loop  of  Plenle  is  considerably 
thicker,  being  25  (x  in  diameter.  The  epithelial  cells  are  cub- 
ical,  and  the  size  of  the  lumen  narrow  in  relation  to  the  thick- 
ness  of  the  walls.  The  transition  from  the  flat  cells  to  the 
cubical  takes  place  usually  in  the  lower  part  of  the  descending 
arm  of  the  loop.  The  cubical  cells  show  the  striation  spoken 
of  in  the  convoluted  tubules. 

The  convoluted  tubules  of  the  second  Order  are  muc'h 
shorter  and  have  a wider  lumen  than  those  of  the  first  Order. 
The  canals  are  39-46^4  in  diameter.  The  epithelial  cells  are 
low,  and  show  a finely  granulär  and  striated  appearance. 
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The  coiiiiectiiig  tubules,  collectiiig  tubules,  and  tlie  ductus 
])a|)illares  liave  clear,  transj)areiit  cells,  showiiig  iio  striated 
«tructure.  In  tlie  beginning  tliey  are  cubical,  but  as  tlie 
eanal  widens  into  tlie  pajiillary  ducts  they  beconie  eolumnar 
(Fig.  168).  The  nucleiis  is  always  «plierical,  and  sharply 


Fi(i. 


Froin  a transverse  sectiun  tlirough  thr  base  ol’a  j»yraiiii(l  ol'an  aiK‘\s  kidiiey.  S>.  R.,  col- 
lecting  tubule  ; Ah.  //..  descending  lind)  of  Ilcnle’s  loop  ; Af.  II..  asceuding  limb  of  Henle’s 
loop;  /?/.,  blood-vessols : /b/..  interstitial  coniiective  tissne.  X bOO. 


niarked  off.  The  dianieter  of  the  papillary  ducts  is  as  much 
as  100  n. 

Zimniermann  fonnd  in  the  cells  of  all  i^eiiions  of  the  canal 

o 

a double  centrosonie  lying  near  the  free  siirface  of  the  cell. 

The  cortical  substance  may  be  divided  into  kidney  lobules. 
These  consist  of  all  those  iNlalpighian  corpnscles  and  tubules 
which  go  to  form  one  medullary  ray.  At  the  boundaries  of 
each  lobule  there  run  the  interlobular  vessels.  This  is  the 
secretory  unit,  and  its  perijdiery  is  formed  by  the  beginnings — 
/.  e.,  tlie  capsules  of  Bowinan — of  all  the  tubules  which  emjity 
finally  into  the  collectins;  ducts  tliat  run  in  the  medullarv  ravs 
(Fig.  165).  There  is  more  or  less  overlapping  in  this  lobular 
di  Vision,  and  there  is  no  definite  Separation  of  the  lobules. 
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Besides  tliis  secretorv  iinit,  tliere  is  a bluod  vaseular  unit,  wliicli 
is  made  uj)  of  all  tliose  gloineruli  and  vess(ds  wliicli  are  con- 
nected witli  eacli  interlobular  artery  and  vein  (Big.  1G5), 

The  connective  tissue  of  the  kidney  is  not  abundant,  but  is 
found  in  greatest  quantity  in  the  papilhe.  It  surrounds  the 
inembranae  propriie  of  the  urinary  tuhules  and  the  capsules  of 
Bownian,  and  carries  with  it  the  blood-vessels.  The  whole 
kidney  is  surrounded  hy  the  tunica  albuginea,  a fibrous  ineni- 
brane  containing  sinooth  niuscle.  j\Iall,  soine  years  ago,  stated 
that  the  framework  of  the  kidney  is  inade  up  of  interlacing 


connective-tissue  fibres,  which  are  differentiated  at  the  borders 
of  the  tubules  to  form  basement  meinbranes.  Öuch  membranes 
appear  in  ordinary  specimens  to  be  hoinogeneous,  but  by 
methods  of  digestion  (pancreatin)  they  can  be  shovvn  to  be 
fibrillär  in  structure.  This  has  been  confirined  by  the  work 
of  Bühle,  Disse,  and  v.  Ebner.  A later  publication  by  Mall 
shows  that  the  true  basement  membrane  is  destroyed  by  pan- 
creatin digestion.  This  leaves  only  a framework  of  connective 
tissue,  as  stated  above.  Specimens  were  obtained  by  macerat- 
ing  in  cold  saturated  sodium  bicarbonate  solution,  in  which  not 
only  this  framework,  but  also  a membrane  closely  associated 
with  the  epithelial  cells  was  demonstrated.  These  membranes 
are  neither  elastic  tissue  nor  reticulum.  Mall  su2:o;ests  that 
they  are  possibly  identical  with  the  membranes  of  elastic  fibres. 


Blood-vessels  of  the  Kidney. 

The  kidney  derives  its  blood  supply  froni  the  branches  of 
the  renal  artery.  The  relations  between  these  and  the  calvces 
and  pyramids  of  the  kidney  have  been  described  by  Brodel. 
According  to  him,  about  three-fourths  of  the  blood  which 
enters  the  hilum  of  the  kidney  by  foni*  or  five  arterial 
branches,  flows  through  the  anterior  subdivisions  of  these 
branches,  while  one-fourth  is  cai*i*ied  tlirough  the  srnaller  pos- 
terior divisions.  This  is  shown  in  Fig.  171.  The  anterior 
branches  supply  the  anterior  pyramids  and  the  anterior  ]mrt 
of  the  posterior  pyramids;  while  the  remainder  of  the  oroan  is 
supplied  through  the  posterior  hranches.  The  l)lood  supi)lv 
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of  tlie  two  poleö  of  tlie  kidney  is  dei'ived  froiii  tlie  imiiii  artery, 
Single  arteries  nm  to  eacli  pole  and  break  np  into  tliree 
branclies : a posterior,  an  anterior,  and  a median  brancli. 
Between  tliese  large  arteries  tliere  is  no  anastomosis ; and  it 
^vill  1 )e  seen  tbat  at  one  place  between  the  anterior  and  pos- 
terior arterial  fields  tliere  is  a coniparatively  non-vascnlar  zone, 
marked  by  tbe  dotted  line  in  Fig.  171.  Brodel  lias  pointed 
(Ult  also  tlie  snrgical  iin})ortance  of  tliis  fact. 

Tbe  branclies  of  tliese  arteries  riin  to  tlie  kidney  substance 
between  the  pyramids  as  tlie  interlobar  arteries.  At  tlie 

bonndary' between  the  mednlla  and  cortex  tliese  bend  over  and 
rnn  for  a slioi't  distance  ])ai*allel  to  tbe  snrface  of  the  kidney 


Fk;.  1()9. 


(Figs.  B)5  and  170).  ln  tliis  way  an  arterial  arcli  is  formed, 
niade  up  of  tlie  arcuate  arteries.  From  tlie  convex  side  of 
tliese  arteries  small  branclies  proceed  radially  toward  the  kid- 
ney snrface.  These  are  the  so-called  interlobular  arteries. 
They  give  ofi'  in  all  directions  lateral  twigs,  which  carry  blood 
to  the  Malpighian  corpnscles  (Fig.  165).  These  are  the  rasa 
ajferentia,  which  enter  the  capsnies  of  Bowman  and  break  np 
into  many  branclies  to  form  the  glomernliis  (see  above).  The 
blood  is  carried  away  from  each  glomerulus  through  the  vas 
ejferens.  Many  vasa  efferentia  together  break  np  to  form  a 
capillary  network  in  the  region  of  the  mednllary  rays.  The 
tnbnles  of  the  mednllary  rays  and  the  tiibnli  contorti  lie  in  the 


KIDJSEYS. 


219 


1 

meslies  of  tliis  network.  Froiii  it  arise  small  veiiis  wliicli  open 
into  tlie  interlobular  veins.  These  rim  parallel  with  the  iiitei- 
lobular  arteries,  and  at  the  boundary  between  tlie  medulla  and 
cortex  open  into  the  areuate  veins.  Into  the  most  pejipheitd 


Fig.  170. 


The  renal  artery  and  the  distribution  of  its  branches  in  relation  to  the  pelvis. 
(Brodel.)  Anterior  view  of  a left  kidney.  There  are  six  niain  branches  seen  entering  the 
kidney  substance.  Only  one  of  these  (the  tliird)  ])asses  posterior  to  the  pelvis  at  the 
hilum  ; also  small  arteries  coming  from  the  upper  and  lower  main  branches  are  seen  to  pass 
posterior  to  the  upper  aiid  lower  calyces.  All  the  rest  of  the  arteries  pass  anterior  to  the 
pelvis  and  its  calyces.  The  small  branches  to  the  cortex  of  the  anterior  portion  of  the 
kidney  have  not  been  drawn,  in  order  that  the  large  branches  and  the  pelvis  might  appear 
more  distinctly. 


part  of  the  interlobular  veins  there  rnn  small  veins  from  the 
surface.  These  possess  radial,  star-like  tribiitaries  on  the 
surface,  and  are  known  as  the  stellate  veins  of  Verheyn  (Fig. 
165). 

The  mednllary  substance  is  siipplied  partly  by  capillary 
branches  from  the  cortex,  and  partly  from  the  arteriolce  rect(r. 
The  latter  are  branches  partly  from  the  vasa  efferentia  of  tlie 
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more  deeply  lying  gloiiieriili,  and  partly  from  the  interlobular 
or  arcuate  arteries.  Tlie  meslies  of  tlie  capillary  netwoi-k 
wliicli  arises  from  tliese  two  sources  and  supplies  the  mediilla 
are  elongated  and  surround  the  collecting  tnbules.  The  eapil- 
laries  collect  to  form  the  venulm  rectce^  which  end  in  the  arcuate 
veins.  it  must  be  noted  also  that  the  vessels  of  the  kidney 
parencliynia  are  in  coimmmication  with  those  of  the  perirenal 
fat  by  means  of  the  vessels  of  the  kidney  capsiile.  A eollateral 


Fig.  171. 


Traiisversc  sectiou  tliroujrh  ilie  middle  of  the  same  kidney  (Fig.  170),  seeu  from  above. 
(Hrödel.)  The  anterior  l)raneh  id'  the  artery  snjtplies  about  three-quarters  of  the  kidney 
öubstance,  while  the  posterior  brancli  suj)p]ies  only  one-quarter. 

circulation  is  thus  jtossible.  There  are  also  direct  Communi- 
cations between  the  arteries  and  veins  of  the  kidney  (Hoyer, 
Steinach,  etc.).  According  to  Brodel,  the  collecting  veins 
form  anastomoses  around  the  bases  of  the  pyramids  and  around 
the  necks  of  the  calyces. 

The  lymphatics  form  a superficial  plexus  in  the  capsule  and 
a deep  plexus,  the  vessels  of  which  leave  the  kidney  at  the 
hilurn.  Anastomosing  lymphatic  spaces  have  been  observed 
connecting  the  two  plexuses. 

The  nerves  accompany  the  blood-vessels  into  the  kidney, 
wliere  they  form  plexuses  around  the  uriniferous  tubules. 
According  to  Azoulay  and  BeiTley,  they  penetrate  the  mem- 
brana  projtria,  and  end  by  knob-like  thickenings  on  the  sur- 
faces  of  the  epithelial  cells. 
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F]g.  172. — Part  of  a transverse  scctioii  ofa  dog’s  ureter.  X 110. 
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B.  URINARY  PASSAGES. 

(a)  Kidney  Calyces,  and  Pelvis ; Ureter  and  Urinary  Bladder. 

In  all  of  these  parts  of  tlie  apparatus  whicli  coiiducts 
urine  from  tlie  kidney  we  find  tlie  walls  made  up  of  tlie  fol- 
lowing  layers : 1,  mucosa ; 2,  siibrnucosa ; o,  muscularis ; 4, 

fibrosa. 

The  mucosa  consists  of  an  epithelium  and  a tunica  propria. 
The  form  er  is  the  so-called  transitional  epithelium,  and  is  quite 
similar  in  all  parts  of  the  canal,  so  that  in  pathological  condi- 
tions  of  the  tract  where  the  cells  appear  in  the  urine  it  is  diffi- 
cult  to  say  from  what  part  these  cells  are  derived.  ihe  cells 
differ,  however,  in  the  various  layars^.--^  he  uppermost  layer 
consists  of  large  cubical  or  som^^-hat^flattened  cells  ; the  middle 
layers  of  cylindrical,  pyriform,  spindle-shaped,  or  polygonal 
cells ; and  the  deepest  layer  of  relatively  small  cubical  or  irreg- 
ularly  oval  cells.  The  cells  of  the  first  two  layers  often  possess 
processes  which  extend  between  neighboring  cells.  Those  of 
the  outer  row  may  contain  more  than  one  nucleus  (Fig.  173). 


Ftg.  173. 
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From  a section  through  tlie  mncous  merabrane  of  an  ape’s  urinary  bladder.  X 300. 


The  epithelial  layer  is  considerably  thinned  at  the  place  where 
the  calyces  of  the  kidney  pass  over  to  the  kidney  papillae,  and 
usually  consists  of  only  a single  layer  of  cubical  cells.  The 
mucosa  of  the  iireter  is  thrown  into  longitudinal  folds  (Fig. 
172).  In  the  bladder  also  the  surface  is  miich  folded  in  many 
directions  on  account  of  the  contraction  of  the  muscularis  and 
submucosa.  In  the  distended  bladder  most  of  these  folds  dis- 
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uppear,  and  tlie  epithelial  slieatli  itself  becornes  tliiiiiier  and  tlie 
eells  flatter.  The  iunica  propria  consists  of  fine  conneetive 
tissiie  which  contains  leucocytes,  and  small  collections  of 
lyniphocytes  which  sometinies  form  solitary  follicles.  This 
layei  passes  over  gradually  into  the  subiuucosa.  Here  glands 
are  wanting.  In  sections  infoldings  of  the  mucosa  are  some- 
times  eilt  across,  and  were  formerly  thought  to  be  glands  in  the 
submucosa. 

The  muscularis  consists  of  two  layers  of  smooth  muscle  cells, 
one  longitudinal,  and  the  other  circular  (Fig.  172).  In  the 
lower  third  of  the  ureter  there  is  outside  the  circular  coat  a 
third  layer,  which  consists  of  bundles  of  muscle  fibres  running 
longitudinally.  In  the  calyces  of  the  kidney  there  is  no  longi- 
tudinal muscle  coat  whatever  ; the  cii-cular  coat  forms  an  annu- 
lar  muscle  around  the  base  of  eacli  papilla. 

In  the  urinarv  bladder  of  man  we  can  distinguish  three 
layers  of  muscle,  of  which  the  inner  and  outer  are  longitudinal, 
and  the  middle  circular.  These  layei-s  cannot  be  separated  defi- 
nitely,  for  there  is  a manifold  anastomosis  between  the  bundles 
of  the  different  layers.  Two  fixed  points  of  the  bladder  give  a 
basis  for  tlie  study  of  tlie  musculature.  These  are  the  point  at 
which  the  urachus  is  attached,  and  the  triangle  formed  by  lines 
drawn  between  the  openings  of  the  ureters  and  the  urethra — 
/.  c.,  the  trigone.  liemembering  that  the  bladder  is  developed 
from  the  inner  third  of  the  allantois,  which  is  a more  or  less 
tubulär  structure,  these  two  points  represent  the  two  ends 
of  the  tube. 

The  fibrous  slieatli  of  the  urinary  tract  consists  of  fine  con- 
nective  tissue  in  which  many  blood-vessels  and  nerves  are 
found. 

The  blood-  and  lymph-vessels  form  a capillary  network  in 
the  tunica  propria. 

The  nerves  are  spread  out  mainly  in  the  muscle  coat,  with 
a certain  number  of  fibres  reachiiig  as  far  as  the  epithelium. 
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(h)  Urethra. 

(1)  3Iale. — Tlie  uretlira  coiisists  of  a iiiiicosa,  subiniicosa,  and 
niusciilarijs,  somewhat  differeiitly  arranged  in  the  different 
regions  of  the  canal.  In  the  pars  prostatica  the  epithelium  is 
(}iiite  similar  to  tliat  of  the  hladder  ; in  the  pars  memhranacea 
tliere  is  a stratified  cylindrical  epitheliiiin,  wliicli  in  the  pars 
cavernosa  is  eonverted  into  two  rows  of  cylindrical  ceils.  The 
last  Segment,  the  fossa  navicalaris,  is  lined  with  fiat  stratified 
epithelium. 

The  tunica  propria  contains  numerous  elastic  tihres  and 
forms  papilhe  in  dose  contact  with  the  epithelium.  These  are 
develo})ed  most  strongly  in  the  fossa  navicularis.  The  sah- 
mucosa  contains  a ricli  plexus  of  veins,  and  in  the  whole  canal 
there  are  here  present  hranched  tubulär  glands — glandulw 
urethrales  (Littre) — which  are  more  numerous  in  the  posterior 
part.  Tiiey  are  lined  with  cylindrical  glandular  epithelium 
and  extend  into  the  submucosa. 

The  maseularis  in  the  prostatic  and  membraiious  uretlira 
shows  two  layers  of  smooth  muscle  fibres,  an  inner  longi- 
tudinal, and  an  outer  circular  coat.  The  circular  coat  is  want- 
iiig  in  the  pars  cavernosa,  and  the  longitudinal  layer  becomes 
very  thin. 

The  whole  uretlira  is  highly  vascularized  (see  Corpus  cav- 
ernostim  urethrae).  The  nerves  form  networks  of  fibres, 
which  end  freelv  or  in  various  end  oro'ans  (see  Nerve-endiiurs). 

(2)  Female. — In  the  female  the  uretlira  is  considerably 

shorter  and  not  so  definitelv  divided  into  sections.  We  can 

%/ 

distinguish  a wall  made  up  of  the  same  layers  as  in  the  male. 
The  epitheUiun  in  the  upper  part  is  like  that  of  the  bladdei*, 
but  lower  down  becomes  a single  or  double  laver  of  columnai’ 
cells,  and  finally  jiasses  over  at  the  lower  end  into  a stratified 
jiavement  epithelium. 

The  tunica  propria  forms  papillae  at  its  junction  with  the 
(epithelium.  These  are  highest  in  the  region  of  the  urethral 
opening.  Idttre’s  urethral  glands  are  present  here  also,  but  are 
not  so  numerous  as  in  the  male.  The  m uscularis  consists  of  an 
inner  longitudinal  and  an  outer  circular  coat  of  smooth  muscle 
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ßbres,  separated  by  connective  tissue  containing  elastic  fibres. 
Outside  tlie  circular  coat,  especially  in  the  upper  part  of  the 
canal,  are  straiids  ot  striated  inuscle  ßbres,  forniing  the  inus- 
culus  compressor  iirethrse.  The  niucosa  is  supplied  richly  with 
blood-vessels,  of  which  the  veiiis  form  a thick  plexus  in  the 
submucosa. 


V.  GENERATIVE  (REPRODUCTIVE)  SYSTEM. 

1.  MALE  SEXUAL  ORGANS. 

A.  Testes. 

The  testes  are  branched  tubulär  glands.  The  whole  organ 
is  surrounded  by  a ßbrous  capsule,  the  tmnca  .albu- 

(jinea  s,  ßbrosa,  which  consists  of  ßrm  connective  tissue.  The 
outer  surface  of  this  is  attached  closely  to  the  visceral  layer  of 
the  tunica  vaginalis  propria  (tunica  adnata).  Eoth  the  visceral 
and  parietal  layers  form  a process  of  the  peritoneum,  and 
enclose  between  them  a space  which  is  a j^art  of  the  body 
cavity.  They  are  thin  coiinective-tissue  membranes  with  a 
layer  of  ßat  epithelium  covering  the  free  surface.  Between  the 
visceral  layer  of  the  tunica  vaginalis  j^ropria  and  the  next  layer, 
the  timica  vaginalis  conimnnis,  there  is  a layer  of  smooth  muscle 
cells  which  form  the  internal  crernaster  muscle  (Fig.  174). 

Toward  the  inside  the  tunica  albuginea  borders  on  a sheath 
of  loose  connective  tissue,  which,  on  account  of  its  richness  in 
blood,  is  called  the  tunica  vasculosa.  This  rests  directly  on  the 
parencbyma  of  the  testis. 

In  the  posterior  upper  part  of  the  testis  there  lies  a Collec- 
tion of  ßrm  connective  tissue  in  the  form  of  an  oval  hillock. 
This  is  the  so-called  mediastinum  testis  or  corpus  Highmori. 
From  it  there  are  sent,  in  a radiating  direction,  into  the  organ 
many  bands  of  connective  tissue,  the  septula  testis.  Thes.e  pass 
through  the  testis  as  far  as  the  tunica  vasculosa,  and  at  the 
same  time  divide  the  organ  into  lobules  {lohuli  testis),  which 
have  the  form  of  pyramids  with  their  bases  toward  tlie  outside 
and  their  apices  toward  the  centre  of  the  organ  (Fig.  174). 

The  whole  of  the  parencbyma  contained  in  a lobule  consists 
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of  canals,  the  se7}imiferotis  tuhiiles,  wliich,  oii  accouiit  of  tbe 
difiereiit  course  they  take  in  different  regions,  are  divided  into 
tliree  parts.  The  part  lying  toward  tlie  periphery  of  the  orgaii 
forms  the  much-convoluted  tubuU  contorti.  These  join  with 
one  another  and  inake  np  the  tubuli  recti^  which  near  the 
inediastinnm  break  up  to  form  a network,  the  ixte  testis  (Hal- 
ler i). 

Fig.  174. 
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Transverse  section  of  the  testis  of  a two  and  a half  year  old  hoy.  X 7. 


The  tubuli  contorti  in  the  luiinan  adult  are  verv  long 
canals,  about  140-250  f.i  in  diaineter,  and  form  the  most 
important  part  of  the  testis  ptirenchyma,  inasmuch  as  they 
give  rise  to  the  spermatozoa.  At  the  periphery  of  the  testes 
many  of  the  tubules  anastomose  and  form  a closed  System. 
Others,  011  the  contrary,  begin  blindly.  The  walls  of  these 
convoluted  tubules  consist  of  several  layers  of  epithelial  cells, 
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a meiiibrana  propria,  and  a layer  of  connective  tissiie.  The 
appearaiice  oi  tlie  tubules,  especially  oi  tlie  epithelial  layer, 
diffei's  markedly  accordiiig  to  the  condition  of  functional 
activity  (spermatogenesisj. 


The  tübnles  join  together,  decreasing  in  number,  and  finally 
])ass  over  into  the  tuhuli  recti.  These  are  distinguished  froni 
the  tubuli  contorti  by  theii*  straight  short  course  and  by  their 
small  diaineter  (20-50^).  Their  structure  is  simple,  the  walls 


Fig.  175. 


consisting  of  a membrana  propria  and  a layer  of  low  cylin- 
drical  epithelial  cells.  They  are  interposed  between  the  tubnli 
contorti  and  the  rete  testis. 

The  rete  testis^  which  is  contained  in  the  corpus  Highmori, 
consists  of  canals  of  an  unequal  thickness,  lined  merely  with  a 
single  layer  of  cubical  or  flat  epithelial  cells.  The  tnbnles  of 
the  rete  testis  pass  over  into  the  epididymis. 

Between  the  convolutions  of  the  tnbnli  contorti  there  lies  a 
loose  connective  tissue  which  is  in  connection  with  that  of 
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tlie  septa.  Tliis  interstitial  connective  tissue  is  charaeterized 
by  tbe  presence  of  luimeroiis  large  cells,  known  as  interstitial 
cells  (Figs.  175  and  176).  Tliey  are  roimded,  coarsely  granu- 
lär cells,  witli  abundant  protoplasni,  containing  fat  droplets, 
piginent  granules,  or  crystalline  bodies.  Tliey  lie  usnally  in 
groups  or  coluinns  sitnated  in  tlie  spaces  between  adjacent  senii- 
niferous  tnbules.  The  origin  and  significance  of  tliese  cells  are 
not  known  definitely.  It  is  to  be  assnmed  tliat  tliey  are  of 
connective-tissne  origin.  A few  authors  hold  that  tliey  are  de- 
rived  froin  epithelial  cells.  J.  Plato  ascribes  to  tliern  a trophic 
function,  clainiing  that  the  fat-like  inclusions  wander  through 
pores  in  the  menibrana  |:>ropria  to  reach  the  cells  of  Sertoli, 
and  tlms  serve  as  a nourishnient  for  the  sperniatozoa  that  are 
in  process  of  formation. 

The  testes  are  supplied  with  blood  by  branches  of  the  inter- 
nal sperinatic  artery,  which  enter  the  septa  partly  from  the 
inediastinnin  and  jiartly  froin  the  tnnica  vasculosa.  They  form 
networks  of  capillaries  around  the  seminiferons  tnbules,  and 
send  off  branches  to  the  interstitial  cell  gronp.  The  veins  col- 
lect in  the  interstitial  tissnes  and  leave  the  organ  by  the  path 
taken  by  the  arteries  in  entering. 

The  lyniph-yessels  run  partly  superficially  in  the  tnnica 
albnginea,  and  partly  in  the  deeper  parts,  where  they  form 
plexnses  snrrounding  the  seminiferons  tubnles. 

The  nerves  accompany  the  blood- vessels,  and  send  fine 
branches  between  the  epithelial  cells,  where  they  end  in  small 
enlarsrements. 

O 


The  seinen  consists  of  a fluid  part  prodnced  mainly  by 
th  e accessory  sexual  glands  and  the  s|)ermatozoa,  which  are  a 
product  of  the  testes  themselves.  There  are  about  60,000 
sperniatozoa  in  1 cn.  mm.  of  seinen. 


The  Spermatozoon  of  man  may  be  divided  into  three  parts: 
the  head,  the  middle  piece,  and  the  tail  (Fig.  177).  The  head 
(h  ig.  178,  h.  Sk.)  is  flattened,  3—5  p long,  and  2—3  p wide.  Its 
flat  snrface  is  oval,  and  shows  depressions  in  its  anterior  part. 
Seen  from  the  side,  it  is  pear-shaped.  The  whole  head  consists  of 
cliromatin  snbstance  (nnclein),  and  represents  the  cell  nnclens. 
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Eehind  tlie  liead  is  tlie  coiiiiectiiig  part,  hody,  or  middle 
piece  ( whicli  is  a cylindrical  structure  of  about  the  same 
lengtli  as  the  head,  and  1 y wide.  By  meaiis  of  special  stains 
we  may  distinguish  in  it  an  axial  part  and  a capsule  surround- 
ing  it  and  Hu).  The  axis  has  a fibrillär  structure 

{axial  threads),  and  begins  in  a thickening,  the  so-called  termi- 
nal globule  {Kkn.).  According  to  Meves,  there  are  in  man  two 
such  bulbs  closely  connected  with  the  head.  Both  on  account 
of  staining  reactions,  and  from  histogenetic  reasons,  tiiis  end 


Fig.  177. 


Spermatozoa  of  man.  (After  Retzius.)  At  the  left  a surface  view  is  shown  ; at  the  right,  a 

lateral  view.  X 1200. 


bulb  is  believed  to  represent  the  centrosome  of  the  cell.  In  the 
process  of  fertilization  also  it  plays  this  rble.  The  capsule  is 
applied  directly  to  the  axial  threads,  and  is  continued  along  the 
axis  {H to  nearly  the  end  of  the  tail.  In  inany  animals  this 
capsule  has  a spiral  form,  and  is  connected  behind  with  an  an- 
nular  thickening  {Ss.).  The  outer  capsule  {H^^  shows  in  one 
place  a swelling  and  throughout  its  whole  length  a spiral 
thickening  {Sph.). 

In  the  tail  we  may  distinguish  two  parts  : the  main  segment 
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(TTst.),  wliich  is  45-60  long ; and  a thiiiner  end  segme/nt 

[Est.),  6-10  g in  leiigth.  The  axis  runs  tliroiigli  tlie  wliole 
leiigtli  of  tlie  tail,  and  a finely  fibrillär  striicture  can  be  recog- 
nized  thronghout.  The  capsnle  is  lacking  in  the  end  seginent, 
biit  is  considerably  thickened  in  the  rest  of  the  tail.  Soine 
authors  liave  described  an  nndnlating  inembrane  running  the 
whole  length  of  the  tail.  In  inany  aninials  the  sperinatozoön 
shows  a mach  inore  complicated  structnre  than  that  desciabed. 

By  ineans  of  a lashing,  waving  motion  of  the  tail,  the  sper- 
inatozoa  can  change  their  location  with  considerable  rapidity. 
They  are  qnite  resistant  to  low  teinperature,  although  their 
motility  becomes  very  slight  in  temperatures  niuch  lower  than 
that  bf  ^le  body.  They  can,  however,  regain  their  activity 
even  after  a considerable  period  of  cooling.  Alkaline  flnids 
tend  to  increase  the  inotilitv,  while  acids  inhibit  the  activity 
and  finally  kill  the  spermatozoa. 

The  development  of  the  spermatoxpa  is  fairly  well  known  in 
some  animals.  The  process  in  inammals  has  been  stndied  especi- 
ally  by  Ebner,  v.  Leuhossek,  Hermann,  Meves,  v.  La  Valette, 
and  others.  In  the  walls  of  the  seminiferous  tubules  tliere  are 
two  kinds  of  cell  eleinents  : the  essential  gland  cells,  which  play 
a direct  role  in  the  formation  of  the  spermatozoa,  and  the  so- 
called  supporting  cells  {cells  of  Sertoli).  The  latter  are  large 
membraneiess  cells,  which  lie  alwavs  with  their  bases  on  the 


membrana  propria  and  processes  extending  inward  between  the 
essential  cells.  They  possess  a large,  clear,  flattened  nncleiis, 

< ' ^ ^ on  section.  Tliey  are  supposed 

by  niaiiy  aiitliors  to  assist  in  tlie  nonrishinent  of  tlie  deTelopiiis; 
spermatozoa  (v.  Ebner,  Beiida,  Plato,  K.  Peter,  and  others). 

The  gland  cells,  which  finally  give  rise  to  the  spermatozoa, 
are  arranged  in  many  layers,  tliose  nearest  the  linnen  being  the 
youngest  and  niost  nearly  related  to  the  spermatozoa  themselves 
(Ihg.  176).  The  whole  process  of  spermatogenesis  begins  in 
the  most  peripherally  lying  cells,  the  so-called  spermatogonia. 
These  are  low  coluninar  cells  lying  on  the  baseinent  inembrane. 
They  increase  in  mniiber  by  initotic  division,  and  give  rise  to 
new  spermatogonia,  which  become  situated  in  a row  by  them- 
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selves,  not  toucliiiig  the  membrana  propria.  Such  iiiodified 
spermatogoiiia  containing  mucli  protoplasm  are  kiiowri  as  sper- 
matocytes  of  the  first  order.  Mitotic  clianges  occur  in  tlie 
nuclei  of  these,  and  a double  division  takes  place.  By  the  first 
division  there  are  formed  the  spermatocytes  of  the  seeond  order, 
and  by  the  seeond  division  the  spermatids  arise.  According  to 
many  authors,  there  is  a short  resting  stage  between  these  two 
divisions.  The  first  is  spoken  of  (Flemming)  as  heterotypical, 
and  tlie  seeond  as  homotypical.  The  difference  between  the  two 
is  in  the  fact  that  in  the  diaster  stasfe  of  the  first  there  is  a 

O 

repeated  longitudinal  Splitting  of  the  Chromosom  es,  while  in 
the  homotypical  division  this  does  not  occur.  It  is  in  this 
period  of  division  that  the  reduction  of  chromosomes  takes 
place  (see  Fertilization). 

The  spermatids  are  small  cells  bordering  on  the  lumen  of 
the  tubule.  They  represent  the  last  generation  of  the  sexual  cell, 
and  are  converted  into  the  spermatozoa.  Düring  this  process 
of  changing,  the  cells  of  Sertoli  become  modified.  Their  proc- 
esses  extend  into  the  lumen,  and  the  spermatids,  which  are  to 
be  converted  into  the  spermatozoa,  group  themselves  around 
each  process  to  form  what  are  known  as  the  spermatoblasts 
(v.  Ebner).  In  this  way  they  become  nourished,  and  after  a 
certain  time  tlie  combiiiation  becomes  looser,  and  finally  the 
newly  formed  spermatozoa  move  away. 

Numerous  investigations  have  been  carried  on  in  late  years 
to  arrive  at  tlie  exact  method  of  transformation  of  the  sperma- 
tids into  the  spermatozoa,  but  the  entire  process  is  still  by  no 
means  clear.  Siiice  it  is  not  possible  here  to  discuss  the  various 


views  that  are  held  witli  regard  to  this,  we  shall  confine  our 
description  to  the  process  as  it  occurs  in  man  and  the  other 
mammals,  and  follow  in  the  main  the  investigations  of  Meves. 
In  all  mammals  the  process  is  very  similar.  Observing  the 
parts  of  Fig.  178,  which  represents  the  transformation  of 
human  spermatids  into  sjiermatozoa,  we  notice  that  the  chro- 
matin matter  of  the  spermatid  nucleus  shows  a progressive 
increase  in  density  and  a more  and  more  homogeneous  appear- 
ance.  The  nucleus  is  originally  round  and  centrally  placed,  but 
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PLATE  XXVIll. 


Fi<i.  17S. — Scini-diagrammatic  representaliou  of  devel- 
oimieiit  of  human  spennatozoöii. 

((-<!,  scvcMi  stages  in  tim  transforniation  of  a sper- 
niatid  into  a si)ennatozoön  [g] ; //,  diagram  of  struoture 
of  a ripo  Spermatozoon. 

n-f ; Zs,  c(dl  substance  ; K,  nucleus  ; PC,  proximal 
eeiitrosome  ; DC,  distal  eentrosome  ; SF,  tail. 

(j-h  : Sk.,  head  ; Ekn.,  terminal  globule  ; TTsb,  body 
or  middle  ])iece;  Hst.,  inain  segment;  Est.,  end  ]>iece  ; 
.1/'.,  axial  thread  ; //i,  inner  capsule  ; spiral  cap- 

sule ; Iln,  outer  capsule  ; Ss.,  annular  tliickening. 

(\Ve  are  indebted  to  Dr.  Meves  for  tbis  ])late.) 
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becoiiies  gradually  exceiitric  and  assuines  a loiig,  oval  form.  In 
tlie  early  stages  of  the  cliange  tlie  sperinatids  contaiii  two  cen- 
trosoines  wliicli  have  a quite  snpeidicial  Situation.  Froni  tlie 
inore  superficial  (distal)  of  these  tliere  grows  out  from  tlie  cell 
a delicate  tliread  of  proto})lasni,  wliicli  is  tlie  very  beginning 
of  tlie  tail  (Fig.  178,  a).  The  centrosonie  lying  nearer  tlie 
nucleus  (proximal)  becomes  rod-slia])ed,  wliile  tlie  one  outside 
assuines  a conical  form.  Botli  centrosonies  approacli  tlie 
nucleus  and  tlie  proximal  one  unites  witli  it.  The  distal 
conical  centrosonie  is  dilferentiated  iiito  two  structures,  a bulb 
and  a ring  (Fig.  178).  The  ring  moves  back  along  the  tail 
axis  until  it  reaclies  the  periphery  of  the  cell.  This  divides 
the  middle  piece  from  the  chief  segment  of  the  tail  (Fig.  178, 
f and  g).  The  significance  of  the  capsule  is  not  clear.  In  the 
middle  piece  it  probably  represents  the  remains  of  a part  of  the 
cell  protoplasm.  From  this  last  stage  the  fully  fornied  sper- 
niatozoa  iiiay  readily  be  traced  (Fig.  178). 


B.  Spermatic  Ducts. 


From  the  rete  testis  proceed  the  ductuli  efferentes  testis,  or 
vasa  efferentia,  which  break  through  the  tunica  albuginea  and 
form  a part  of  the  epididymis.  There  are  from  nine  to  fifteen 
of  these,  and  each  fornis  bv  its  tortuous  course  a lobule  sur- 
rounded  by  connective  tissue  [lohuli  epididymis,  coni  vasculosi 
Halleri).  All  the  lobules  together  form  the  head  of  the  epi- 
didymis. The  vasa  efierentia  join  to  form  the  vas  ejrididymis, 
which  takes  a very  complicated,  coiled  course  and  makes  up  the 
body  and  tail  of  the  epididymis,  finally  opening  into  the  vas 


deferens. 

Ihe  vasa  efferentia  are  lined  witli  two  kinds  of  epithelium, 
one  composed  of  high  columnar  ciliated  cells  containino'  vellow 
granules,  and  the  other  niade  u])  of  cubical  non-ciliated  cells. 
These  are  arranged  in  rows  and  concentrated  in  groups.  The 
groups  of  cubical  cells  form  swellings  aniong  the  cvlindrical 
cells,  and  have  the  appearance  of  intra-epithelial  alveolar 
glands.  Outside  the  membrana  propria  there  are  smooth 
muscle  cells  arranged  in  circular  layers.  Some  authors  have 
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described  gdaiidular  cells  amoiig  tlie  non-ciliated  epithelium, 
and  liave  observed  evidenees  of  secretioii  in  tliem. 

llie  walls  of  tlie  ^5  epididymis  are  lined  witli  a ciliated 
epitlielinm  in  a single  row,  witli,  however,  tlie  nuclei  at  differ- 
ent levels.  Ontside  tliis  are  a membrana  propria,  a circular 
muscle  layer,  and  a connective-tissue  coat  (Fig.  179).  The 
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coils  of  tubnles  of  tlie  vas  epididymis  and  vasa  efferentia  are 
joined  togetlier  by  fine  loose  connective  tissiie. 

The  vas  deferens  (Fig.  180)  is  lined  witli  an  epithelium 
which  is  tlirown  into  longitudinal  folds.  In  the  upper  part 
the  epithelium  is  like  that  of  the  vas  epididymis,  but  lower 
down  passes  over  into  a stratified  cylindrical  epithelium.  The 
tunica  propria  is  a thin  fibrous  layer.  Outside  this  is  the  sub- 
mucosa,  which  consists  of  connective  tissue  witli  blood-vessels, 
etc.  Three  coats  of  muscle  surround  the  tube,  a very  thin 
lono:itudinal  laver  next  to  the  submucosa,  a middle  circular 
coat,  and  an  outer  longitudinal  laver.  Outside  these  there  is  a 
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layer  (adveiititia)  of  coiinective  tissue  coiitainiiig  elastic  fibres 
and  longitudinal  sinootli  muscle  cells  (ni.  creinaster  internn.s). 

The  terminal  ]>art  of  the  yas  deferens  is  dilated  to  form  an 
ampuUa,  wliicli  is  lined  witli  stratilied  eolnmmir  epitlielinrn, 
containing  branclied  gland  tnbules  witli  eubical  or  cylindrical 
eiiitbelium. 

Fig.  180. 
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The  strncture  of  tlie  seminal  vesicles  (vesiculoe  seminales)  is 
not  essentially  different  from  tliat  of  tlie  ampulla.  These  are 
glandular  sacs,  and  niay  be  considered  among  tlie  accessory 
sexual  o-lands. 

O 

The  ejaculatory  duct  (ductus  ejaculatorius)  is  lined  with 
stratified  cylindrical  epithelium.  Like  the  vas  deferens,  its 
walls  show  two  main  coats  of  sniooth  muscle,  as  well  as  a 
thinner  layer  inside. 


Certain  other  structures  must  be  mentioned,  which  are  onlv 

« 

remains  of  embryonic  organs.  The  paradidymis  (organ  of 
Giralde),  which  consists  of  a few  blind  tnbules  lined  with  a 
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layer  of  ciliated  epitlieliuiii,  lies  between  tlie  blood-vessels  of 
tlie  sperniatic  cord  in  tlie  neigdiborliood  of  tlie  testis.  In  tlie 
epididymis  we  distinguisli  side  branclies,  tlie  ductuli  aberrantes. 
These  are  spoken  of  as  tlie  dnctulns  aberrans  Halleri  (whicli  is 
a brancli  of  tlie  vas  epididymis),  tlie  dnctulns  aberrans  capitis 
epididymis,  and  tlie  dnctulns  aberrans  in  tlie  rete  testis.  All 
tliese  end  blindly,  are  lined  witli  ciliated  cylindrical  epithelium,. 
and  arise  from  tlie  Wolffian  body. 

The  appendix  testis  or  hydatid  of  Morgagni^  is  made  up 
usually  of  a vascnlar  connective  tissue  and  lined  witli  ciliated 
epitlielinm.  It  often  lias  a stalk  of  considerable  length,  and 
may  itself  be  a large  sac  containing  fluid.  It  is  situated  in  the 
npper  part  of  the  liead  of  tlie  epididymis.  It  is  probably  a 
rudiment  of  Müller’s  dnct.  The  appendix  epididymis  is  a 
somewhat  similar  strnctnre  similarly  situated,  and  lined  with 
small  cubical  epithelial  cells.  It  is  usually  a saccular  structure, 
and  is  supposed  to  be  a vestige  of  the  Wolffian  body. 


C.  Accessory  Glands  of  the  Male  Sexual  Organ. 

1.  Frostate. 

The  prostate  coiisists  of  from  thirty  to  fifty  branched  tubulär 
<rlands  converuino;  toward  the  base  of  the  colliculus  seminalis. 
Many  ducts  join  with  one  another  and  02:>en  into  the  nreter  in 
the  region  of  the'  colliculus  seminalis  by  from  fifteen  to  thirty 
orifices.  The  epitlielinm  lining  thetubules  is  cubical,  and  only 
in  the  larger  ducts  do  we  iiieet  with  transitional  epitlielinm, 
such  as  is  j^resent  in  the  prostatic  nrethra.  The  secretion  of 
the  prostate — succus  prostaticus — is  a serous  fluid  containing  no 
niucus.  In  old  individuals  the  gland  tubules  form  so-called 
prostatic  stones,  round  concentrically  built-np  structures  about 
1 mm.  in  diameter,  very  hard,  and  often  calcified. 

A considerable  part  of  the  prostate  is  formed  by  the  inter- 
stitial  tissue  between  the  glands.  This  is  made  up  of  a firm 
connective  tissue  containing  many  bundles  of  smooth  niuscle 
cells.  It  forms  at  the  outer  surface  of  the  organ  a well-devel- 
oped  capsule,  and  on  the  inner  surface  next  the  nrethra  it  is 
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eollectecl  into  a tliick  layer,  froiii  wliicli  tliere  proceed  in  tlie 
resfioii  of  tlie  colliculiis  semiiialis  Strands  of  connective  tissne 
lainning  radially  toward  tlie  capsule.  The  interstitial  tissue 
increases  witli  age,  wbile  tlie  opposite  is  tlie  case  witli  tlie  gland 
tubules.  The  hypertropliied  prostates  of  old  age  are  diie 
largely  to  increased  connective-tissue  growth. 

The  nerves  are  derived  froni  the  hyjiogastric  plexus. 
Medullated  and  non-niedullated  fibres,  witli  ganglion  cells,  are 
present. 

Blood-vessels  of  the  Prostate. — The  prostate  gland  derives 
nearly  all  of  its  blood  supply  from  the  inferior  and  superior 
vesical  arteries.  These  vessels  also  anastomose  witli  the  internal 
pudic.  Brauches  of  the  arteries  enter  the  connective-tissue 
septa  between  the  lobules,  and  send  off  fine  twigs  to  the  sub- 
stance  of  the  lobules.  Here  the  capillaries  are  associated  closely 
with  the  secreting  cells.  This  subject  has  been  worked  out 
carefully  by  G.  Walker,  from  whose  results  these  notes  have 
been  taken. 

The  prostate  contains  the  so-called  utriculus  prostaticus 
(vesicula  prostatica,  sinus  prostaticus,  uterus  raasculinus)  in  the 
form  of  a blind  sac  with  its  mucous  membrane  thrown  into 
folds.  It  represents  the  remains  of  the  caudal  end  of  the  fused 
ducts  of  Müller,  and  is  lined  with  a double-rowed  ciliated 
epithelium  containing  small  tubulär  glands. 


2.  Cowpers  Glands. 

Cowper’s  glands  ( glanduke  hulho -urethrales  Cowperi)  are 
compound  tubulär  mucous  glands,  the  gland  tubules  of  which 
are  lined  with  a single  layer  of  cubical  epithelium,  and  the 
ducts  with  two  or  three  layers  of  similar  cells. 


D.  The  Penis. 

riie  main  part  of  the  penis  is  formed  of  erectile  tissue., 
which  is  collected  into  three  cylindrical  erectile  bodies,  the  two 
Corpora  cavernosa  penis,  and  the  corpus  cavernosum  iirethrw,  or 
Corpus  spongiosum. 
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The  erectile  tissue  (Fig.  181)  coiisists  of  comiective-tissue 
Strands  coiitainiiw  maiiv  elastic  fibres  and  smootli  muscle  cells, 
and  joined  witli  one  another  to  form  a network.  In  the 
ineslies  of  tliis  network  tliere  are  spaces  wliich  form  an  anasto- 
mosing  System,  lined  witli  a single  layer  of  flat  epitlielium. 
Contained  in  tliis  cavernons  System  is  venons  blood.  The 
erectile  tissne  of  each  corpns  cavernosnm  is  snrrounded  by  a 
fine  connective- tissne  sheath,  the  tunica  alhuginea. 


Fig.  181. 
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The  eoi*[)ora  cavernosa  penis  are  supplied  with  blood  in  the 
following  way  : the  afferent  arteries,  branches  of  the  arteriae 
profn ndie  et  dorsales  penis,  pass  in  part  into  the  veins  by  means 
of  capillaries,  and  in  part  open  directly  into  venons  spaces.  ln 
the  first  case  the  capillaries  form  a fine  cortical  network  nnder 
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tlie  tunica  albugiiiea,  wliicli  ]>asses  over  into  the  deeper-lying 
venous  cortical  iietwork.  Tliis  is  connected  in  turn  witli  tlie 
large  central  venons  spaces  of  tlie  erectile  bodies.  ln  the 
second  case  the  arteries  pass  direptly  over  into  the  veins, 
opening  into  the  deep  venons  cortical  network  or  directly  into 
the  cavernous  venous  spaces. 

The  efferent  veins  (vence  emissariw)  collect  partly  from  the 
deep  cortical  network,  partly  from  the  central  cavernous 
spaces.  The  veins  from  the  interior  of  the  corpora  cavernosa 
pass  througli  the  meshes  of  the  cortical  network.  This 
arrangement  is  of  great  importance  in  the  process  of  erection. 
When  the  cortical  network  is  well  filled,  the  vense  emissarise 
are  compressed,  so  that  the  exit  of  the  blood  cannot  keep  pace 
with  its  entry.  This  condition  is  increased  by  the  direct  Con- 
nection of  some  of  the  arteries  with  the  cavernous  spaces.  Tlie 
veins  pass  througli  the  tunica  albuginea  and  join  to  form  the 
vena  dorsalis  and  the  veine  profundie  penis. 

In  the  corjius  cavernosum  urethrse  (c.  spongiosum),  which 
is  surrounded  also  bv  a thin  tunica  albiminea,  we  mav  distin- 
guish  two  regions.  The  deep  region  is  formed  by  a rieh 
development  of  venous  networks  in  the  submucosa  urethrre. 
The  peripheral  part  is  composed  of  erectile  tissue  which  is  like 
that  of  the  corpora  cavernosa,  except  for  the  fact  that  its  meshes 
are  smaller  and  the  connective-tissue  Strands  more  delicate. 
The  arteries  here  never  open  directly  into  the  venous  spaces, 
but  always  break  up  into  capillaries  before  reaching  the  veins. 

The  glans  penis  consists  of  much-branched  and  convoluted 
veins,  which  are  held  together  by  an  abundance  of  firm  con- 
nective  tissue. 

The  tunica  albuginea  of  the  cavernous  bodies  and  the  glaiis 
penis  are  supplied  richly  with  nerves  (see  Nerve-endings). 

2.  FEMALE  SEXUAL  ORGANS. 


A.  The  Ovaries. 

The  ovaries  are  alveolar  glands  possessing  no  ducts.  Their 
product — the  egg  cell — is  secreted  in  a special  wav,  to  be 


238 


MICROSCOPIC  ANATOMY  OF  TUE  ORGANS. 


describecl  later.  In  tlie  ovary  we  caii  distiiiguisli  a inedulla 
and  a cortex  (Fig.  182). 

The  iiiedulla,  also  called  tlie  zona  vasculosa,  is  cliaracterized 
by  its  ricliness  in  blood-^tvessels.  It  consists  of  connective 
tissne,  wliicli  contains  elastic  fibres,  Strands  of  smootli  nuiscle 
cells,  and  tlie  larger  vessels  of  tlie  ovary.  These  vessels  enter 
tbe  liilns  and  take  a cliaracteristic  mncli-convoluted  course. 


Fig.  182. 


Tlie  cortex  contains,  besides  tlie  connective  tissne,  tbe  essen- 
tial glandnlar  tissne,  wliicli  is  present  in  tlie  form  of  so-called 
follicles.  In  tliese  tliere  are  present  tlie  egg  cells.  The  con- 
nective tissne  separating  tlie  gland  elements  is  directly  continn- 
ons  witli  tliat  ot  tlie  mednlla,  and  is  known  as  tbe  strornd.  It 
fornis  on  tbe  snrface  of  tbe  cortex  a compact  layer,  tbe  tuTitcd 
albiKjmea  of  tbe  ovary.  The  wbole  snrface  of  tbe  ovary  i.  e., 
tbe  wbole  tnnica  albnginea — is  covered  by  a single  layer  of 
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€Libical  epitlieliimi  (germ  inal  epithehum),  wliich  is  a modifica- 

tion  of  tlie  peritoneal  covering. 

The  Stroma  of  the  cortex  consists  of  fibrillär  connective  tissue, 
wliicli  in  yonng  individnals  is  rieh  in  cells  whose  nuclei  have  a 
characteristic  appearance.  They  are  long  and  oval,  with  a dis- 
tinct  nuclear  membrane  and  a well-niark(Hl  chromatin  network. 
They  are  larger  than  the  ordinary  connective- tissue  nuclei,  and 
resemble  more  in  outline  those  of  smootli  muscle  (Fig.  183). 


Fig.  183. 
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The  structure  of  the  glandular  ])art  of  the  organ  and  the 
individual  egg  follicles  can  best  be  understood  by  a study  of 
the  development  of  the  ovary.  The  egg  follicle  arises  from  the 
germinal  epithelium.  The  first  jmrt  of  the  development  occurs 
in  embryonic  life,  while  the  ripening  of  the  egg  does  not  take 
place  until  puberty.  The  cells  of  the  germinal  epithelium 
increase  by  division,  and  some  of  them  develoj)  into  large  cells 
rieh  in  protoplasm,  with  large  nuclei  and  nncleoli.  These  are 
called  the  primordial  ova  (Fig.  183,  xl).  The  germinal  epi- 
thelium grows  together  with  the  primordial  ova  into  the  under- 
lying  stroma  (Fig.  183,  B),  and  gives  rise  to  the  column-like 
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structures,  tlie  Schläuche  of  Pflüger.  The  primordial  ova  are 
tlms  collected  iiito  groups,  called  egg  nests  {Eihallea), 

The  egg  nests  ai‘e  divided  iiito  smaller  cell  groups  by  the 
ingrowth  of  connective  tissue.  In  eacli  of  primordial 
follicles  we  flnd  at  least  one  ovum,  and  often  three  or  four, 
which  are  surrounded  by  a layer  of  germinal  epithelium  cells, 
the  follicular  cells.  Later,  each  primordial  follicle  contains 
only  one  ovum,  partly  because  the  otliers  disintegrate,  and 
partly  because  a follicle  containing  more  than  one  ovum  is 
usually  split  up  by  connective  tissue  into  as  many  follicles  as 
there  are  ova.  The  follicular  cells  tend  to  increase  greatly  in 
n um  her. 

Further  changes  which  usually  occur  in  post-embryonal 
life  consist  in  the  great  increase  in  the  follicular  cells  by  karyo- 


Fig.  184. 


kinesis  and  the  production  by  tliese  of  several  layers  around 
the  ovum  (Fig.  184).  In  the  layers  of  follicular  cells  there 
occur  durinir  the  2;rowth  of  the  follicle  certain  changes.  The 
ovum  increases  in  size  and  there  is  developed  around  it  a deli- 
cate  membrane — the  zona  pellueida — which,  according  to  some, 
is  a product  of  the  follicular  cells,  while  others  hold  that  it 
arises  from  the  ovum  itself.  At  the  same  time  the  egg  proto- 
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plasiii  .Stores  iip  in  itself  iiouriHhing  material  in  tlie  1‘oiin  of  a 
granulär  substanee,  so  tliat  tlie  greater  pari  is  converted  into 
tlie  so-called  (leutopl<u<m . Thin  lavers  aronnd  tlie  nnelens  and 
at  the  perijihery  of  tlie  ovnni  remain  niKdianged.  The  dento- 
plasin  and  protojdasni  togetlier  form  tlie  yolk. 

The  exeentrieall y lying  nnelens  of  the  ovnni  is  spherical, 
elear,  and  vesicular,  and  possesses  a distinet  nnelear  mernbrane 
with  a double  eontonr.  On  acconnt  of  this  strnctnre,  the 
niicleus  is  known  also  as  the  (jevnunal  re.^icle  (vrHiciila  yerm- 
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Inativa).  In  the  chromatin  network  is  ])resent  a distinet 
niicleolns,  which  is  ealled  also  the  (jerminal  spot  [macula  (jerm- 
biativa),  and  in  whieh  amoeboid  movements  have  been  observed 
(Nagel). 

A.t  the  same  time,  ehanges  take  place  in  the  follicle,  begin- 
ning  in  a Collection  of  serons  Ihiid  between  the  follicnlar  cells 
{lifpwr  fofliculi).  This  is  contained  in  a cavity,  which  graduallv 
becornes  larger,  and  is  known  as  the  antroni  fol/iculi.  The 

fluid  is  due  ]>artly  to  a transndation  from  the  vessels  snrronnd- 
u: 
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ing  tlie  follicle,  and  partly  to  a liquefaction  of  certain  of  the 
folliciilar  cells.  Tn  consequence  of  the  increase  in  this  flnid  the 
ovum  is  pushed  to  one  side  (Fig.  185),  and  the  whole  Graafian 
follicle  (follicnlus  oöphorns  vesicnlosus)  becomes  as  large  as 
5 mm.  in  diameter,  and  is  seen  bulging  from  the  surface  of  the 
ovary. 

The  follicular  epithelinm  lining  the  interior  of  the  follicle 
in  niany  layers  is  known  as  the  stratum  granulomm  (membrana 
grannlosa).  At  one  place  it  forms  a hilFlike  mass,  which  con- 
tains  tlie  ovnm  (Fig.  185),  and  is  known  as  the  cumulus 
oöphorns  or  discus  proligerns.  At  this  period  the  membrana 
pellncida  surronnding  the  ovnm  becomes  thicker  and  shows  a 
radial  striation,  which  was  at  first  thought  to  be  diie  to  a System 
of  pores  rnnning  throngh  the  membrane.  Later  investigators 
(Paladino  and  lletziiis)  claim  tliat  the  striation  is  cansed  by  the 
passage  of  fine  processes  of  the  follicular  cells  throngh  the  zona 
pellncida,  after  the  nianner  of  protoplasmic  bridges.  In  this 
way  there  is  established  a dose  connection  between  the  ovnm 
and  the  follicular  cells,  which  is  of  importance  in  the  nonrish- 
ment  of  the  e«:«:  cell. 

Between  the  ovum  and  the  zona  j)ellncida  there  is  a small 
space,  known  as  the  perivitellim  space.  Tims  the  ovum  may 
turn  inside  the  zona  pellncida.  Sabotta  has  described  the  zona 
pellncida  in  the  mouse  as  a quite  hornogeneous  membrane  with- 
out  any  striation  whatever,  and  disputes  also  the  existence  of  a 
perivitelline  space. 

(dutside  the  zona  pellncida  there  is  a layer  of  cylindrical  fol- 
licular cells  arrano;ed  radially.  These  form  the  so-called  corona 
radiala.  The  whole  Graafian  follicle  is  surrounded  by  a con- 
nective-tissue  capside,  the  tlieca  folliculi.  Between  this  and 
the  follicular  epithelinm  there  is  a structureless  basal  membrane 
(membrana  propria  folliculi,  Glashaut).  In  the  theca  folliculi 
there  are  to  be  distinguished  two  layers  : the  tumca  mterna, 
consisting  of  round  or  spindle-shaped  cells ; and  the  tumca 
externa,  which  is  made  np  of  circularly  disposed  connective- 
tissue  fibres. 

The  formation  of  the  Graafian  follicle  begins  before  puberty, 
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and  ofteii  soine  stages  are  found  to  liave  been  cornpleted  in  tlie 
newborn  and  in  foetuses.  The  above-described  ovurn,  however, 
is  not  yet  capable  of  being  fertilized.  In  Order  to  reacJi  tliis 
Stage,  it  must  undergo  tlie  inpening  processes,  wliicli  eonsist  in 
tlie  so-called  rednction  of  cliroraosonies.  Tlie  extrusion  of 
botli  polar  bodies  in  lower  aniinals  lias  been  discnssed  in  treat- 
ing  of  fertilization  in  general.  In  liiglier  aniinals  (inelnding 
man)  tlie  ripening  takes  place  in  tlie  ovary.  Tlie  second  polar 
body  is  extrnded  sliortly  before  tlie  bursting  of  tlie  follicle  and 
tlie  escape  of  tlie  ovuni. 

The  tlieca  folliculi  conie  in  contact  witli  tlie  tunica  albuginea 
of  tlie  ovary  as  the  follicle  moves  to  tlie  siirface.  The  cover- 
ings  of  the  follicle  beconie  gradually  thinner,  but  the  triie  reason 
for  the  rnptiire  of  the  follicle  is  not  clear.  It  is  probable  that 
niaiiy  forces  act  simultaneously.  The  increase  in  the  liquor 
folliculi,  the  niarked  congestioii  which  is  characteristic  of  the 
tissues  in  ovulation,  the  swelling  of  the  ovary,  and  possibly  the 
contraction  of  smootli  niuscle  contained  in  the  stroma,  niay 
help  in  this  process.  At  the  saiiie  time  the  walls  of  the  follicle 
at  the  place  of  bursting  beconie  thin  and  atrophic  011  account 
of  the  obliteration  of  blood-vessels  by  pressure.  Meanwhile 
the  Connection  between  the  ovum  and  the  cells  of  the  discus 
proligerus  and  membrana  granulosa  becornes  looser,  and  finally 
disappears,  so  that  the  ovum  conies  to  lie  in  the  liquor  fol- 
liculi. Düring  the  bursting  of  the  follicle  the  liquor  folliculi 
as  well  as  the  ovum  is  cast  out  into  the  peritoneal  cavitv. 

Atter  the  ovum  has  escaped,  there  is  always  a certain 
amount  of  blood  which  fills  up  the  empty  follicle.  This 
becornes  a closed  cavity  containing  a blood-clot,  which  begins 
to  undergo  Organization.  This  is  known  as  the  corpus  hcemor- 
rhagicum.  The  Organization  takes  place  by  a forniation  of 
fibrin,  and  the  ingrowth  of  the  so-called  lutein  cells  froni 
the  periphery  of  the  follicle.  The  origin  of  the  lutein  cells 
is  not  clearly  understood.  They  were  described  first  in  1827 
by  V.  Baer,  who  considered  them  as  a derivative  of  the  theca 
interna  cells.  Later  on,  Bischotf  studied  this  subject,  and 
came  to  the  conclusion  that  they  were  derived  from  the  fol- 
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liciilar  epitlielium  makiiig  u|)  tlie  iiiembraiia  gramilosa — i.  e., 
frorn  the  epitlielium.  Tliere  are  rnany  adlierents  to  eaeli  of 
tliese  views,  but  tlie  balaiice  of  evideiice  yeems  to  be  in  favor 
of  V.  Baer’s  theory.  Otlier  tlieories  bave  been  advaiiced,  but 
have  gradually  been  abandoned.  J.  G.  Clark  lias  studied 
the  subject,  and  believes  tliat  the  lutein  eells  are  specialized 
eonnective-tissue  eells  derived  froin  tlie  tlieca  interna.  Accord- 
ing  to  liini,  tliey  appear  in  the  inner  layers  of  the  follicle  wall 
wlien  a dißbrentiation  into  tlieca  interna  and  externa  is 
beoinnino;. 

ö o 

Wliatever  tlie  origin  of  tlie  lutein  cells  iiiay  be,  it  is  certain 
tliat  the  Corpus  liaemorrhagictiin  is  invaded  on  all  sides  bv  large 
yellow  cells  containing  fatty  granules  {hiiei}i)\  and  tliat  by  this 
invasion  the  blood-clot  is  replaced  by  a dehnite  cellular  tissue, 
the  whole  niaking  up  the  corpus  luteiun  (Fig.  186).  The  lutein 
cells  give  to  the  body  a yellowish  color,  and  often  there  are 
found  orange-red  lueniatoidin  crystals,  which  are  the  remains 
of  the  blood-clot. 

Accordino'  to  Clark,  the  lutein  cells  in  the  iiruwiiur  follicle 
iiicrease  at  the  expense  of  the  cells  of  the  tlieca  interna,  and 
there  is  also  present  a network  of  true  reticulum  Stretching 
froni  the  tlieca  externa  aniong  the  lutein  cells  and  collected  into 
a membrane  next  the  tunica  granulosa  to  form  the  membrana 
pro}iria  folliculi.  When  the  follicle  rujitures,  this  membrane  is 
broken  throimii  by  the  sfrowth  of  lutein  cells  and  blood-vessels. 

O . o 

As  soon  as  the  corpus  luteum  has  reached  its  highest  develo])- 
nient,  certain  changes  take  ])lace  in  the  cells  and  the  retro- 
gression  begins.  Fatty  degeneration  in  the  lutein  cells  is  fol- 
lowed  by  an  increase  in  tlie  connective  tissue.  The  septa 
becorne  thicker  and  all  the  connective  tissue  of  the  corjms 
luteum  shrinks  to  form  a firm,  compact  body,  which  is  kiiowii 
as  the  corpus  albicans  or  c.  fihrosum.  This  becomes  always 
more  contracted,  like  scar  tissue,  and  finallv  undergoes  hyaline 
degeneration  and  is  lost  in  the  ovarian  stroma. 

We  distinguish  corpora  lutea  vera,  and  corpora  lutea  spuria 
according  to  whether  they  arise  from  follicles  whose  eggs  have 
becorne  fertilized  or  not.  There  is  no  dißerence  in  the  intimate 
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structure  <»f  tliese,  bul  tlie  corpora  lutea  vera,  in  cousecpieuce 
ot*  the  marked  liy})erieiiiia  of  tlie  ovary  cliiring  ])regnancy,  ai(' 
larger.  The  eorpova,  lutea  vera  as  well  an  the  corpora  albicautia 
resultiiig  froiii  theiu  reiiiaiii  longer  iu  the  ovaiy,  hecause  their 
retrogression  is  Rlower  tha.u  in  the  corpora  lutcni  spuria. 


Lntein  cells 


Connecüve- 
tissue  septa 


'v  Ztf±--z.^ 


■Blood-vessel 





Part  ot’a  c()r]»us  luteum  nl’a  bitcli.  X -»bO. 
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It  is  to  he  noted  that  only  a small  proportion  of  the  ova 
in  the  ovary  hecome  i*ipe.  Aceording  to  llenle,  of  about 
72,000  ova  in  the  ovaric^s  of  one  individual,  only  400  arrive  at 
maturity.  The  rest  undergo  degenerative  changes  which 
represent  an  entirely  physiological  ]>rocess,  known  follicular 
atresia.  This  depends  on  a series  of  changes  not  only  in  the 
Organ  itself,  but  also  in  the  follicular  epitheliuin  and  the  theca. 
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In  tlie  begiiiniiig  a chromatolysis  or  karyolysis  takes  place  in 
the  luicleus.  Tlie  cliroinatin  becomes  granulär,  and  finally  is 
dissolved  and  the  luiclear  meinbrane  disappears.  On  the  other 
haiid,  the  nucleus  may  imdergo  simple  atrophy.  In  the  cell 
body,  at  the  same  time,  fatty  degeneration  sets  in,  and  the  pro- 
toplasni  becomes  grndually  licpiefied.  The  zona  pellucida 
swells,  and  finally  is  dissolved.  These  changes  in  the  ovum 
are  folloAved  immediately  by  similar  degenerations  in  the  folli- 
cular  cells.  The  al)sorption  and  disappearance  of  the  dead 
cells  are  brought  about  mainly  l)y  phagocytic  wandering  cells. 

ddiis  destruction  ol  cells  often  leads  to  a new  formation  of 
tissue  in  tlie  tlieca  interna,  consisting  in  the  production  of  a 
fibrillär  connective-tissue  scar  (Schottländer).  Among  the 
cells  sometimes  are  foiind  karyokinetic  figures  (Flemming). 

The  blood-vessels  of  the  ovarv  arise  on  the  arterial  side  from 

k.' 

the  ovariaii  and  the  uterine  arteries.  Brauches  of  these  enter 
the  medulla  through  the  liilum,  and  take  a characteristic  tor- 
tuous,  corkscrew-shajied  course.  They  divide  many  times,  and 
the  smaller  brau  dies  diverge  to  the  ])eri]dieral  part  of  the 
medulla,  where  they  form  a rieh  jilexus.  From  this,  branches 
enter  the  cortex,  and,  spreading  through  the  stroma,  form 
capillary  networks  in  the  theca  folliculi. 

The  lymph-vessels  surroiiiid  the  (Iraafiaii  follicle  with  a 
network  and  leave  the  ovarv  throudi  nunierous  wide  trunks 

« c? 

in  the  hilum. 

The  nerves,  jiartly  medullated  and  partly  non-medullated, 
enter  the  ovarv  through  the  hilum,  following  tlie  course  of  the 
blood-vessels,  in  whose  walls  a gi’eat  many  fibres  end.  Other 
fibres  reach  the  germinal  epithelium  and  surround  the  follicles 
with  dense  networks.  According  to  Retzius,  and  others,  the 
nerve  fibres  do  not  enter  the  follicle,  while  Riese  and  v.  Herff 
have  found  the  nerve-endings  between  the  follicular  epithelial 
cells. 

Among  the  rudimentarv  Organs  found  in  the  neighborliood 
of  the  ovary  and  derived  from  the  Wolffian  body  are  the 
epoöphoron  (parovarium,  organ  of  Rosenmüller)  and  the 
paroöphoron.  Tlie  first  lies  in  the  broad  ligament  at  the  hilum 
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of  the  ovary,  and  lias  tlie  form  of  many  coiled  blind  tnbules 
lined  witli  ciliated  epithelium.  The  parodphoron  lies  more 
niedially,  and  coiisists  of  similar  convoliited  canals.  The  first 
is  homologOQS  with  the  epididyrnis,  and  the  second  with  the 
paradidymis  in  the  male. 

Genito-urinaTij  Sy  dem  of  the  Embryo. 

The  first  part  of  the  genito-iirinary  System  to  appear  in  the 
embryo  is  the  Wolfhan  duct.  The  origin  of  this  duct  is  doubt- 
fnl.  According  to  some  anthors  (Hensen,  v.  8pee),  it  is  derived 
from  the  ectoblast.  Others  believe  it  arises  front  the  meso- 
blast ; His  and  Kowalewsky,  from  the  middle  plate ; and 
Uemak,  Kölliker,  and  Waldeyer,  from  the  lateral  plate  of  the 
mesoblast.  Reusen,  Dansky,  and  others  derive  it  from  the 
coelomic  epithelium.  It  is  at  first  a solid  rod  of  cells,  which 
snbsequently  develops  a Inmen  lined  with  epitlieliuni-like  cells. 
Tnbules  develop  from  this  duct  and  form  the  Wolffian  body. 
This  embryonic  organ  was  observed  first,  in  1759,  by  Wolff, 
who  considered  it  the  embryonic  stage  of  the  permanent  kid- 
ney.  Rathke  (1825)  first  nsed  the  term  Wolffian  body  in 
Connection  with  this  organ  in  birds,  and  called  the  correspond- 
ing  organ  in  mammals,  Ohenh  body.  Jacobson,  in  1824, 
termed  it  the  primordial  kidney,  and  recognized  that  it 
excreted  nric  acid,  which  was  carried  into  the  allantois. 

The  AVolffian  body  of  manimalian  embryos  is  a somewhat 
pyriform  body  symmetrically  placed  in  the  abdominal  cavity. 
In  early  embryos  it  is,  next  to  the  liver,  the  largest  abdominal 
organ.  It  consists  of  a tubulär  and  a glomerular  part.  The 
glomeruli  are  situated  medially,  while  the  coiled  tnbules  form 
the  largest  part  of  the  organ.  These  come  off  from  the  Wolff- 
ian duct  at  right  angles  to  it,  and  after  a considei-able  coiliiiö; 
are  connected  with  the  glomeruli  by  means  of  end  dilatations 
similar  to  the  Bowman’s  capsules  of  the  permanent  kidney. 
ln  the  human  embryo  the  tubules  have  a somewhat  S-shaped 
course.  ln  the  pig’s  embryo,  on  the  contrary,  the  tubules  are 
much  convoluted.  Their  exact  course  has  been  determined 
(MacCallum)  by  means  of  injections  into  the  Wolffian  duct,  and 
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by  tlie  eoiKstnictioii  of  wax  iiiodels  after  the  nietliod  of  Born. 
In  general,  tliei'e  are  two  parts  in  the  tiibnle,  a secreting  and  a 
colleeting  segment.  Tliis  was  recognizeil  first  by  Juli.  Müller, 
in  the  pig  the  colleeting  tnbule  possesses  two  convoliited  parts, 
while  the  secreting  portion  is  a large  loo[)  in  the  central  part 
of  the  Organ.  The  epithelium  is  characteristic  in  these  two 
])arts,  being  low  and  cubical  in  the  colleeting'  se«fnient,  and 
coluinnar  in  tbe  secreting  portion. 

The  blood  sniiply  of  tbe  Wolffian  bodv  is  derived  directlv 
troni  the  aoi’ta.  ihis  has  been  worked  ont  in  pigs’  enibryos 
(MacCallum).  The  arteries  enter  at  the  medial  border  of  the 
gland  and  break  np  to  form  the  s^lomeruli.  From  these  many 
efferent  arteries  proceed  in  a radial  manner  toward  the  periph- 
ery.  Around  the  tiibules  they  form  a fine  capillary  network, 
which  empties  into  three  series  of  veins.  Two  of  these  run 
on  the  peripherv  of  the  organ  toward  the  medial  border,  over 
the  dorsal  and  ventral  siirfaces,  respectively.  The  other  series 
of  veins  leaves  the  AVolflian  body  by  the  same  patli  as  that 
taken  by  the  artei'ies  in  enterin^'.  A distinct  blood  vascnlar 
unit  can  be  observed. 

At  a certain  stage  in  the  develojmient  of  the  embryo,  which 
differs  in  different  species,  the  Wolffian  body  begins  to  iindergo 
retrogression.  The  tnbules  degenerate,  and  the  glomernli 
become  occlnded.  The  miterior  tubnles  alone  in  the  male 
remain  connected  with  the  Wolffian  dnet,  and  grow  in  size  and 


complexity  to  form  the  head  of  the  epididymis.  The  tail  of 
the  epididymis  and  the  vas  deferens  are  derived  from  the  Wolff- 
ian dnet.  The  posterior  tubnles  of  the  Wolffian  body  form  the 
paradidymis  or  organ  of  Giralde. 

In  the  female  the  AVolffian  diict  degenerates.  The  anterior 
part  persists  usually  with  the  jiarovarium.  AVhen  the  whole 
duct  persists,  it  is  known  as  GaTinerB  canal.  The  AVolffian 
body  in  the  female  jiersists  in  its  anterior  (sexual)  ])art  as  the 
parovariiim  (epoÖphoron,  organ  of  Kosenmüller).  The  tubnles 
making  this  up  increase  considerably  iu  size.  The  posterior 
tubnles  (renal  part)  disappear  with  the  exception  of  a few 
tubnles,  known  as  the  paroöphoron. 
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ln  botli  riexes  a new  tube  is  developed  parallel  witli  tlie 
Wolffian  duct.  Tliis  is  tlie  jVIüllerian  dnct.  In  tlie  fernale  it 
is  connected  witli  the  peritoneal  cavity,  and  persists  as  tb(‘ 
Fallopian  tnbe  and  nteiais.  In  the  male  it  disappears  in 
large  part.  The  persistence  of  the  anterior  ])art  gives  rise  to 
the  hydatid  of  Morgagni.  The  posterior  part  may  reinain  as 
Weheres  orrjan.  In  soine  cases  the  whole  tube  is  fonnd  in  th(^ 
adult  male,  and  then  is  known  as  Rathkes  duct. 

The  way  in  which  the  head  of  the  epididymis  comes  to  be 
connected  witli  the  testis  tubules  has  been  determined  in  })igs’ 
embryos  and  in  man  (MacCallum).  It  is  well  known  tliat  the 
seminiferons  tubules  in  some  of  the  lower  vertebrates  (ßshes, 
etc.)  carry  the  sexual  products  over  into  the  Malpighian  cor- 
piiscles  of  the  nrinary  organ,  and  are  taken  to  the  ontside 
through  the  nrinary  ducts.  A somewhat  similar  condition  has 
been  observed  in  the  embryos  of  pigs  and  man.  The  testis 
which  develops  from  the  peritoneal  covering  of  the  Wolffian 
body  is  at  all  times  closely  connected  witli  tliis  organ.  Tubules 
develop  in  the  testis,  and  at  a certain  period  grow  ont  through 
the  tissne  connecting  the  two  Organs,  and  break  into  the  cap- 
sules  of  the  Malpighian  corpuscles  of  the  Wolffian  body. 
These  tubules  are  very  fine  and  form  a dense  network.  Their 
liimina  become  continuous  witli  that  of  Bowman’s  capsule,  and 
in  this  way  a communication  is  established  between  the  tubules 
of  the  testis  and  the  future  epididymis  and  vas  defei’ens. 

The  ovary  develops  on  the  medial  surface  of  the  Wolffian 
body  in  the  same  way  as  the  testis. 

The  permanent  kidney  develops  as  a knob-like  growth  at  tln^ 
end  of  the  primitive  ureter,  jiosterior  and  dorsal  to  the  Wolffian 
body.  The  exact  course  of  the  development  of  the  kidnev 
tubules  has  not  been  worked  out  satisfiictorily.  Thev  arise  in 
the  beginning  as  long  diverticula  from  the  end  of  the  ureter, 
which  grow  out  to  the  periphery  of  the  organ  and  divide  into 
two  branches,  which  arch  backward  toward  the  hilurn  to  join, 
after  many  convolutions,  with  the  IMalpighian  corpuscles.  The 
exact  origin  of  the  kidney  lobule  and  of  the  various  Segments 
of  the  uriniferous  tubule  is  not  known. 
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B.  Fallopian  Tube  (Tuba  Uterina  Fallopii). 

In  tlie  walls  ol  tliis  tiibe  we  caii  distiiiguisli  tlie  following 
coats : mucosa,  subnuicosa,  iiiuscularis,  and  serosa. 

The  tunica  mucosa  is  throwii  into  many  longitudinal  folds, 
varying  somewliat  in  diöerent  parts  of  tlie  tube.  In  tlie 
anipulla  tliey  are  liigliest  and  jiossess  nnnieroiis  branclied 
accessory  folds,  so  tliat  tlie  lumen  seenis  filled  witli  tliein 
(Fig.  187).  There  are,  liowever,  tbrougliout  the  tube  only 
four  main  folds,  as  ean  be  seen  more  plainly  in  a tube  taken 
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Traiisverse  sectioii  through  the  anipulla  of  the  Fallopian  tuhe  of  a young  woman.  X 25. 
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from  an  embrvo  or  newborn  habe.  The  niucous  nieinbrane  is 
covered  on  the  surface  with  a sino’lo  layer  of  coluninar  ciliated 
cells,  the  niovenient  of  whose  cilia  is  toward  the  uterus 
( Fig.  188).  The  tunica  propria  is  rieh  in  cells  and  overlies  a 
tliin  niuscularis  mucosae  composed  of  longitudinal  sniooth  muscle 
fdires.  The  tunica  suhmucosa  eonsists  of  loose  connective  tissue, 
and  is  bounded  on  the  outside  by  two  layers  of  sniooth  muscle, 
niaking  up  the  tunica  muscularis.  The  fibres  of  the  inner 
strenger  layer  run  circularly,  while  the  outer  thin  layer  is  longi- 
tudinal. The  muscle  lavers  are  thicker  near  the  uterus  than  at 
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tlie  ampullar  eiid.  The  tunica  serosa,  wliicii  has  the  saine  struct- 
iire  as  the  peritoneiiiii,  is  joiiied  tu  the  inuscularis  hy  a loose 
connective  tissue.  The  iniicosa  is  supplied  richly  with  ))lood- 
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From  a section  through  a fold  of  the  inucoiis  membraiie  of  a human  Fallopian  tube.  X 480. 

vessels.  The  iierves  foriii  in  the  tube  wall  a rieh  plexiis, 
from  which  fine  branches  ])roceed  to  the  niucosa  to  end  in  the 
neighborhood  of  the  epithelial  cells. 


C.  Uterus. 

In  the  wall  of  the  iiterns  there  are  three  inain  coats  : the 
niucosa  (endometrium),  the  ninscnlaris  (myometrium),  and  the 
serosa  (perimetrinm ). 

The  mucom  lining  the  wliole  uterine  cavity  is  at  the  time 
of  puberty  about  1 mm.  thick.  It  is  covered  on  its  surface  by 
a single  layer  of  cylindrical  ciliated  epithelial  cells,  whose  cilia 
move  toward  the  vagina.  The  tiinica  propria  possesses  many 
connective-tissue  cells  and  lencocytes  contained  in  a fairlv 
dense  connective  tissue.  Here  there  are  found  nnmerous 
simple  or  dichotomously  branching  tubulär  glands,  which  take 
on  usually  a coiled  or  corkscrew  form  in  the  deeper  ]>arts. 
They  are  lined  with  a single  layer  of  ciliated  cvlindrical  cells, 
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Normal  endometriiim  in  a patient  twenty-six  years  of  age.  X 25. 

The  miicosa  is  slightly  thickened,  its  surface  is  wavy,  and  its  epithelial  covering  a is 
intact.  In  tliis  s(H*tion  it  is  possihle  to  trace  <h(‘  glands  in  their  eontinnity  alinost  from  the 
snrlace  to  the  ninscle.  A few  ol‘  them  are  practieally  cyliiidrical  throiighout,  but  the 
majority  have  a wavy  contour  presenting  a well-delined  eorkscrew  arrangement.  Quile 
a nnmher,  ent  just  along  their  margin,  ean  he  recognized  as  little  masses  of  epithelial 
cells  c,  is  ent  longitudinally  ; d,  almost  transversely.  At  first  sight,  one  wonld  think  that 
there  was  a great  exce.ss  of  glands  in  the  section,  whereas  in  reality,  at  most,  there  are  not 
more  than  twelve,  the  distances  hetween  atiy  neighhoring  two  heing  ahont  the  same,  The 
gland  epithelium  is  intact  thronghoiit.  The  stroma  in  the  sn])erticial  portions  is  rather  lax, 
in  the  deejter  ]>ortions  more  compact,  h indicates  the  lineof  jnnction  hetween  the  mu.scle 
and  mucosa.  Its  irregnlarity  is  especially  noticeable.  (T.  S.  Cullen,  Cancer  of  the  Uterus; 
New  York,  1900.) 
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llie  ciliary  current  inoving  tovvard  tlie  iiioiith  ot  tlie  gland.  A 
ibasal  iiieinbraue  (ineiiibraiia  propria)  witli  a double  contour 
limits  tliis  row  of  cells  on  tlie  side  toward  the  tuiiica  propria, 
and  is  a contiiiuatioii  of  the  basal  membrane  ol  the  surface 
epithelium.  The  glands  probably  ])Ossess  no  secretory  luiiction. 

The  nuicosa  of  the  cervix  uteri  shows  some  distinguishing 
features,  The  surface  is  throwii  iiito  folds,  known  as  i\\(d  jdicAß 
j)almat(e.  The  mucous  meinbraiie  is  thicker  and  firmer,  and 
possesses  much  higher  cylindrical  cells  tliaii  the  corpus  uteri. 
In  the  region  of  the  external  os  it  passes  over  into  a stratified 
})avement  epithelinin  witli  papilhe  beneath.  After  repeated 
pregiiancies  tliis  pavement  epithelium  covers  also  the  lower 
part  of  the  cervix.  The  mncosa  of  the  cervix  contains,  besides 
the  Ödlands  alreadv  described,  nnmerons  glands  whicli  secrete 
inncns  (glandulce  cxrvlcales  uteri).  Often  the  months  of  the 
glands  become  closed  and  there  are  formed  retention  cysts,  con- 
taining  a qnantity  of  mncoid  material  and  reaching  the  size  of 
a pea.  These  were  formerly  known  as  ovula  Naboilii. 

A snbmncosa  in  the  uterus  cannot  be  made  out.  The 
mncosa  lies  directly  on  the  musciilaris,  and  the  glands  reach 
down  so  as  to  tonch  the  muscle  coats.  The  latter  is  the 
thickest  layer  of  the  uterus,  and  is  made  up  of  long,  s])indle- 
shaped,  smooth  muscle  elements.  Tn  the  non-pregnant  utei*us 
these  are  40-()0  g long,  while  at  the  end  of  pregnancy  they 
reach  a lengtli  of  3()0-(i00  Tliey  are  arranged  in  bundles, 
niostly  running  concentrically  around  the  blood-vessels.  The 
whole  muscle  layer,  however,  ean  be  divided  roughly  into  layers, 
Avhich  in  the  adult  are  by  no  nieans  distinctly  separated  from 
one  another.  Theexact  disposition  of  these  layers  has  been  the 
cause  of  much  discussion,  and  there  have  been  many  ideas  ad- 
vanced  witli  regard  to  tliis  subject.  In  general,  three  layers  can 
be  made  out:  1,  a longitudinal  inner  layer  {stratiun  mucosum)\ 
2,  a middle  circular  layer  of  bundles  closely  associated  witli  the 
lilood-vessels  [stratum  vasculare)\  and  3,  an  outer  layer,  in 
which  the  hundles  run  both  longitudinally  and  circularly. 
The  latter  layer  can  lie  divided  into  two  parts : an  inner  layer 
of  mixed  longitudinal  and  circular  fibres  [stratum  supravascu- 
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lare)^  and  an  outer  layer  wliicli  consists  exclusively  of  longi- 
tudinally  disposed  elements  {straiimi  subseromm).  The  middle 
layer  or  stratum  vasculare  is  by  far  tlie  thickest  of  these  coats. 

The  serosa  is  not  different  in  structnre  froin  other  parts 
of  the  peritonenni. 

The  arteries  enter  the  muscnlaris  and  divide  mainly  in 
the  Stratum  vasculare  into  numerous  branches,  of  which  the 
greater  part  run  into  the  mucosa  and  break  up  there  into 
ca])illary  networks  which  suri’ound  the  glands  and  reach  up  to 
the  surface  epithelium.  The  veins  form  a plexus  in  the  deeper 
parts  of  the  mucosa,  and  then  ])ass  into  the  stratum  vasculare, 
where  another  largei*  plexus  is  formed. 

The  lymph-vessels  form  a network  in  the  mucosa  and 
another  under  the  serosa.  These  are  joined  by  anastomosing 
branches. 

The  nervcB  end  partly  in  the  muscnlaris  (see  Nerve-end- 
ings),  and  partly  in  the  mucosa,  where  they  form  thick  net- 
works. From  these,  non-medullated  fibres  run,  according  to 
some  authors,  to  the  epithelium,  where  they  end  freely  between 
the  cells.  Ganglion  cells  have  been  described  in  the  course  of 
these  (ihres. 

In  cei’tain  phases  in  the  life  of  the  uterus  changes  take 
place  especially  in  the  mucosa.  which  must  be  spoken  of  here. 
These  changes  accompany  menstruation  and  pregnancy. 

In  menstruation  there  is  a certain  amount  of  bleeding  from 
the  uterus  occurring  more  or  less  regularly  every  twenty-eight 
days,  and  continuing  throughout  the  life  of  the  individual  from 
the  fourteenth  to  about  the  forty-fifth  or  fiftieth  year.  It  is 
])robable  tliat  the  changes  in  the  mucosa  have  to  do  with  the 
reception  and  preservation  of  the  ovum,  since  ovulation  occurs 
at  about  the  same  time  as  menstruation.  Düring  the  menstrual 
period,  in  the  first  place,  there  is  a marked  hyperaemia  of  the 
uterine  walls  five  to  ten  days  before  the  flow  of  blood.  The 
blood-vessels  are  mucli  dilated  and  the  capillaries  become  large 
and  well  marked.  According  to  Heape,  there  is  also  an 
increase  in  the  number  of  blood-vessels.  On  account  of  the 
hyperaemia  there  are  a swelling  and  a growth  of  the  mucosa. 
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so  tliat  it  attains  a thickiiess  of  6 mm.  It  then  is  cailed  tlie 
decidua  menstriKfUs.  Clianges  occur  also  in  tlie  glaruls.  Tliey 
increase  in  lengtli  and  beconie  corkscrew-siiaped.  1 he 
increased  size  of  the  mncosa  is  dne  largely  to  a cellular  multi- 
plication.  Karyokinetic  ligures  in  large  numbers  liave  been 
observed  in  the  menstruating  uterns  by  Mandl,  not  only  in  the 
epithelium,  but  in  the  intersütial  tissue  as  well.  After  these 
clianges  have  occurred  there  is  an  escape  of  blood  in  the  sub- 
epithelial layers,  which  is  due  partly  to  a bursting  of  capil- 
laries,  and  partly  to  a diapedesis  of  red  corpuscles  through  the 
capillary  walls.  The  epithelium  covering  these  collections  of 
blood  is  broken  away  and  the  blood  escapes.  The  bleeding 
goes  011  for  about  four  days,  and  then  the  regeneration  of  the 
mncosa  begins.  In  the  course  of  five  to  ten  days  the  epithe- 
lium is  quite  restored  and  the  glands  regain  their  normal 
relations.  Following  this  are  a few  days  of  rest  before  the 
next  period  begins.  There  has  been  considerable  discussion 
as  to  the  extent  of  the  tissue  destruction  which  takes  ])lace 
during  menstruation.  According  to  some,  the  whole  mucosa  is 
cast  off  at  each  period.  Others  hold  that  none  at  all  is 
destroyed,  and  that  pieces  of  the  epithelium  are  lifted  up 
merely  to  allow  the  blood  to  escape.  It  seems  certain,  however, 
that  there  is  always  some  destruction  of  epithelium,  and  at  the 
same  time  there  is  never  a complete  destruction.  Parts  of  the 
gland  tubules  at  least  always  remain  uninjured,  and  froni  these 
and  the  surface  cells  that  remain  the  whole  epithelium 


reo;enerates. 
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During  pregnancy  the  whole  uterine  mucosa  suffers  verv 
marked  clianges  in  its  structure.  At  the  end  of  this  time  it  is 
nearly  all  lost,  and  forms  the  so-called  decidua  gi'aviditatis,  of 
which  there  are  three  parts.  The  decidua  basalis  s.  serotina  is 
the  part  of  the  mucosa  to  which  the  ovum  attaches  itself,  and 
in  which  later  the  placenta  is  developed  ; the  decidua  capsularis 
s.  reßexa  is  that  part  which  grows  up  to  surround  the  ovum  ; 
while  the  decidua  vera  is  the  tissue  wliicli  lines  the  rest  of  the 
uterine  cavitv. 

In  the  part  of  the  uterine  mucosa  where  the  decidua  vera 
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Jevelope^•,  cliaiigeH  take  place  resembliiig  tliose  of  iiieiistruatioii. 
At  the  eiid  of  the  liftli  inontli  tlie  iimcosa  lias  become  iiiore 
tliaii  1 cm.  tliick.  Tliis  is  due,  in  tlie  ürst  place,  to  tlie  dilata- 
tion  of  tlie  blood-vensels  and  tlie  tliickening  of  tlieir  walls,  and 
also  to  the  increase  in  length  of  the  gland  tubides.  The  lattei- 
become  corkscrew-shaped  or  tortuous  in  their  course.  The 
luiiica  projiria  increases  in  its  superficial  part,  so  tliat  there  is  a 
firm  connective  tissue  between  the  necks  of  the  o’lands.  In 

o 

conseqiience  of  this,  the  whole  mucosa  can  be  divided  into  two 
zones,  a superficial  compact  layer,  and  a deej)  spongy  layer. 
From  these  connective-tissue  cells,  the  so-called  decidual  cells, 
arise.  These  are  very  large  (30-100  u),  round  or  polygonal 
cells  somewhat  resembling  epithelial  elements.  Each  cell  pos- 
sesses  usuallv  only  one  nucleus,  but  seine  mav  contain  as  manv 
as  forty  nuclei  (giant  cells)  (Fig.  1012).  These  will  be  spoken 
of  later.  Tlu^  decidual  cells  are  developed  especially  in  the 
compact  layer,  where  the  glands  have  a straight  course  and  are 
sejiarated  by  much  connective  tissue.  In  the  spongy  layer  the 
cells  form  nai’row  se])ta  between  the  saccular  ends  of  the 
a'lands. 

The  sui'face  e]>ithelium  vanishes  entirely,  while  the  gland 
cells  increase  in  number  and  become  fiattened  to  accommodate 
themselves  to  the  widened  gland  liimina. 

ln  the  second  half  of  j)regnancy  changes  in  the  decidua 
vera  occur,  which  are  due  inainly  to  pressure  exerted  by  the 
<»rowino'  foetus  and  the  increasing  aniniotic  fiuid.  Ihe  decidua 
l)econies  oradually  tliimier,  so  that  at  the  eml  of  pregnanev  it 

4 

is  only  2 mm.  thick.  The  glandular  ejnthelium  degenerates, 
with  the  exception  of  that  in  the  ends  ot  the  glands  which 
rest  011  the  muscle.  This  reniains,  and  is  the  basis  of  the  epi- 
tlielial  regeneration  which  takes  place  alter  pregnancy.  The 
gland  necks  in  the  compact  layer  become  obliterated  and  disap- 
]>ear  about  the  middle  of  jiregnancy.  The  gland  lumina  in  the 
spongv  layer,  on  tlie  contrary,  are  converted  into  spaces  which 
lie  parallel  to  the  surface  of  the  uterine  wall. 

The  decidua  refiexa  (capsularis)  has  originally  the  same 
structure  as  the  decidua  vera;  hut  during  the  first  months  of 
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pregnancy  a hyaline  degeneration  takes  place  (Minot),  so  that 
it  cannot  be  recognized  at  tlie  eiid  of  pregnancy.  According 
to  Leopold,  liowever,  it  is  fused  witli  tlie  decidua  vera,  and  is 
always  to  be  seen. 

The  decidna  serotina  (basalis)  in  the  beginning  has  the 
same  striictnre  as  the  decidna  vera,  biit  beconies  complicated 
in  the  coiirse  of  pregnancy  by  the  formation  of  the  placenta. 

Placenta. 

The  placenta  usnally  is  discussed  in  detail  in  the  text- 
books  of  embryology,  but  since  it  consists  not  only  of  an 
embryonic  part  {placenta  foetalis),  but  also  a maternal  part 
which  is  modified  uterine  niucosa  {placenta  uterina  s.  ma- 
terna),  a brief  description  must  also  be  given  here. 

The  placenta  foetalis  consists  of  a connective-tissne  nieni- 
brane,  the  niembrana  chorii,  which  on  the  surface  toward  the 
uterine  wall  possesses  many  richly  branclied  villi.  These  give 
rise  to  the  name  chorion  frondosum,  which  is  applied  to  the 
membrane.  The  chorionic  villi  are  grou23ed  in  large  bundles 
or  cotyledons.  After  the  third  month  the  chorion  comes  in 
contact  with  the  second  foetal  membrane,  the  amnion,  and  later 
on  is  connected  closely  with  it.  The  amnion  is  a thin  mem- 
brane which  consists  of  an  epithelial  and  a connective-tissue 
layer.  The  epithelial  coat  covers  its  free  surface  and  lines  the 
whole  amniotic  cavity  in  the  form  of  a single  layer  of  flat- 
tened  cells.  The  connective-tissue  sheath  fuses  with  that  of  the 
chorion.  Through  the  umbilical  cord  there  enter  the  mem- 
brana  chorii  two  umbilical  arteries,  which  cai’ry  the  blood  of 
the  embryo  to  the  j^lacenta  foetalis,  where  they  brauch  freely. 
To  each  cotyledon  there  runs  one  brauch,  which  breaks  up 
into  many  twigs  and  forms  capillary  networks  in  the  villi. 

A part  of  the  villi  end  freely,  while  others  pass  into  the 
placenta  uterina  and  become  firmly  connected  with  it.  The 
latter  are  called  \h.Q  faste ning  villi  or  Haftwurzeln.  By  means 
of  these  the  two  sides  of  the  placenta  are  joined  securely 
together,  so  that  in  the  later  months  of  pregnancy  no  Separa- 
tion occurs. 
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The  cliorioii  is  a eoniiective-tissue  laver  covered  oii  the  side 

•/ 

toward  tlie  uterine  wall  witli  an  epithelial  layer.  The  con- 
nective-tissue  part  shows  originally  the  strnctnre  of  embryonic 
eoiiiiective  tissne — i.  e.^  stellate  cells  Ivin^  in  a homooferieous 
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Transverse  sectioii  through  a liuinan  i)lacenta  at  the  second  nionth  of  ])regnancy.  (After  a 

I)rei)aratiou  l)v  Prof.  Mars.)  X öO. 


ground  snbstance.  Later  it  assniiies  the  character  of  fibrous 
connective  tissne.  The  chorionic  villi  appear,  dnring  the  first 
inonths  of  their  development,  in  the  form  of  short  protuber- 
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aiices  consisting  entirely  of  epitheliuin.  Later  tliey  develop 
niimeroiis  braiiclies  wliicli  go  on  dividing  dicliotomously.  They 
are  made  up  of  gelatinous  wliicli  forms  tlie  axis,  and  a 

layer  of  e})itlieliuni,  wliieli  covers  not  only  tlie  villi,  but  also 
tlie  wliole  mernbrana  cborii.  In  tlie  larger  steins  of  tlie  villi 
we  find,  instead  of  tlie  gelatinous  tissue,  a fibrillär  connective 
tissne  (Fig.  190).  The  epithelial  coat  is  differentiated  early 
into  two  distinct  layers  (Fig.  191).  The  layer  tonching  tlie 
connective-tissne  part  consists  of  well-defined  cells  containing 
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Transverse  section  of  a liuman  chorionic  villus  at  the  fifth  moiith  of  pregnaiicy.  X 300. 


clear  protoplasin,  and  is  known  as  the  ectoderm  layer  of  the 
villus  (Zellschicht  of  Langhaus).  The  layer  ontside  this  con- 
sists of  cells  wliicli  are  not  sharply  marked  off  froin  one 
aiiother.  It  is  niade  np  of  a conti  nuoiis  protoplasmic  inass  in 
wliicli  there  are  nuinerous  nuclei.  ^ye  liave  here  to  do  with  a 
syncytium,  and  we  speak  of  tliis  layer  as  the  syncytium  of  the 
chorionic  villus.  These  two  layers  are  sejiarated  fairly  sharply 
from  one  another,  for  the  protoplasin  of  the  syncytium  has  a 
special  affinity  for  acid  dyes  and  stains  inore  deeply,  while  the 
nuclei  are  much  smaller  than  in  the  ectoderm  layer. 

Toward  the  middle  of  ])regnancy  (fifth  niontli)  the  ectoderm 
of  the  villi  begins  to  degenerate,  so  that  at  the  end  of  preg- 


‘260 


MrCROSCOPIC  AyATOMY  OF  TIIF  ORfFiXS. 


luincy  it  is  almost  entirely  wantiiig  and  the  villi  are  covered 
only  by  tlie  syiicytiiim.  In  certain  places  tliere  are  tliickeniiig.s 
forined  in  tlie  meinbrana  eliorii  as  well  as  in  tlie  villi.  In  tlie 
apices  of  tlie  latter  tliey  are  called  cell  nodes.  Local  tliicken- 
ings  in  the  syncytinin  are  called  piRliferatioti  Islands 
(Fig.  191).  Toward  the  end  of  pregnancy  the  syncytinin 
also  vanishes,  and  in  its  place  tliere  is  a lioinogeneous,  refrac- 
tive,  faintly  staining  snbstance  containing  nunierons  eni])ty 
spaces,  and  known  as  canalized  ßhriti  or  hyaline  (Fig.  192). 


Fkj.  192. 


From  a section  throngli  a human  ])laoenta  at  the  fiftli  montli  ot  itregnancy.  X 80. 
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This  snbstance  increases  witb  the  age  ot  tlie  placenta,  biit  its 
origin  and  significance  are  by  iio  nieaiis  clear.  Althoiigh  tliere 
is  110  donbt  that  the  villus  ectoderm  is  ot  embryonic  origin, 
tliere  is  still  some  qiiestion  as  to  the  derivation  of  the  syn- 
cytium. 

Between  the  villi  we  find  so-called  intervillous  spaces  wliicli 
contain  blood.  The  villi  are  tliiis  siirroiinded  by  blood  on  all 
sides.  The  views  hehl  as  to  the  origin  and  significance  of  these 
intervillous  spaces  are  still  miicli  at  variance.  This  problem  is 


associated  closely  witli  tliat  coiiceriiiiig  tlie  villus  ectoderiu  and 
svncvtium,  for  tlie  origiii  of  tlie  intervillous  spaces  is  associated 
natiirally  witli  tliat  of  tlie  syiicytiuiii.  Accordiiig  to  oiie 
tlieory,  whicli  seems  to  liave  tlie  greatest  iiuiiiber  of  siipporters 
(Vircliovv^,  Ercolaiii,  Leopold,  Waldeyer,  Keibel,  and  otliers), 
tlie  intervillous  spaces  represent  tlie  widened  capillaries  froni 
tlie  uterine  inncosa.  It  niust  be  renieinbered  tliat  at  an  early 
sta«;e  tlie  chorion  and  tlie  decidua  serotina  lie  witli  tlieir  sur- 
faces  closely  applied  to  one  anotlier,  and  tlie  epithelial  layer  of 
tlie  decidua  is  ceniented  to  a siiiiilar  layer  of  tlie  chorion.  ln 
this  tvay  villi  irrow  into  the  decidual  tissue,  in  which  at  the 
sanie  time  the  capillaries  beconie  dilated  to  a System  of  spaces. 
These  surround  the  villi,  so  tliat  they  beconie  bathed  in  blood. 
Also  fiat  endothelial  cells  lining  the  intervillous  spaces  have 
lieeii  observed  by  Turner,  Leopold,  Waldeyer,  and  Keibel, 
which  represent  the  lining  cells  of  the  capillaries.  Injections 
made  by  Waldeyer  Support  this  view.  Many  authors  who 
share  this  tlieory  claim  tliat  the  syncytium  and  the  ectoderm 
of  the  villus  have  different  origins.  The  latter  they  describe 
as  foetal  and  the  former  as  a part  of  the  uterine  epithelium. 

According  to  other  authorities  (v.  Kölliker,  Langhaus,  Hof- 
meyer, Minot,  and  otliers),  the  intervillous  spaces  represent 
the  original  spaces  between  the  placenta  foetalis  and  placenta 
uterina.  The  two  parts  of  the  placenta  are  joined  together 
onlv  bv  the  villi.  Accordiim'  to  this  tlieory,  the  intervillous 
spaces  are  interplacental  cavities  which  originally  contained  no 
blood  and  became  filled  only  wlien  the  maternal  vessels  opened 
into  them.  Almost  all  the  adherents  to  this  theorv  claim  that 
both  layers  of  cells  covering  the  villi  are  of  foetal  origin,  and 
according  to  Minot’s  tlieory  the  syncytium  is  a differentiated 
product  of  the  ectoderm  layer  beneath. 

The  maternal  part,  or  placenta  uterina,  represents  the  decidua 
basalis,  which  has  certain  characteristics  that  distino-uisli  it  from 
other  deciduae.  From  the  fifth  month  on,  there  develop  in  it 
large  cells  (giant  cells)  containing  many  nuclei.  These  cells 
are  present  in  large  numbers  in  the  ripe  ]dacenta.  From  the 
side  toward  the  ])lacenta  foetalis  niore  or  less  thick  connective- 
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tissiie  bancls  arise,  tlie  so-called  sepia  placentae  These  pass 
between  tlie  cliorionic  villi  and  separate  tliein  into  groups  or 
eotyledons.  Oiily  at  the  peripheral  part  of  the  placeiita  do 
tlie  septa  coine  into  contact  with  tlie  membrana  chorii  and 
fiise  witli  it  to  form  the  so-called  suhchorionic  limiting  ring. 

The  c Ir (‘ lila i ton  of  blood  in  the  maternal  placenta  takes 
place  in  the  following  way  : imnierous  arterial  hranches  enter 
throngh  the  inuscnlar  coats  of  the  uterus  to  the  outer  layer  of 
the  ])lacenta  utei*ina.  Dnring  tlieir  tortuous  course  these 
vessels  lose  tlieir  niiiscle  cells  and  elastic  elernents,  so  that  the 
thin  walls  that  reniain  consist  only  of  an  endothelial  and  thin 
connective-tissue  layer,  and  come  to  lie  directly  on  the  decidual 
cells.  After  branching,  the  arteries  enter  the  septa  placentae, 
where  they  enipty  into  the  intervillons  spaces  throngh  openings 
in  the  septa.  The  veins  also  open  into  these  spaces,  so  that 
instead  of  a capillary  System  between  the  arteries  and  veins  we 
find  wide  lacnme,  which,  according  to  most  authors,  arise  from 
the  superficial  lilood  capillaries  of  the  uterine  niucosa.  The 
veins,  whose  walls,  like  those  of  the  arteries,  have  been  reduced 
in  thickness,  open  into  the  intervillons  spaces  by  comparatively 
wide  orifices,  which  are  niore  abundant  near  the  middle  of  the 
eotyledons.  The  arteries,  on  the  contrary,  open  in  greatest 
numbers  at  the  ed«;es  of  the  cotvledons,  so  that  the  blood  in  the 
intervillons  spaces  llows  from  the  jieriphery  to  the  centre  of  the 
eotyledons. 

The  intervillous  spaces  thus  contain  maternal  blood,  while 
in  the  cliorionic  villi  the  capillary  vessels  under  the  epithelial 
covering  are  all  of  foetal  oiigin.  These  two  vascular  Systems 
never  coniniunicate  directly  with  one  another,  and  a mixture 
of  foetal  and  maternal  blood  never  occurs.  The  diffiision  of 
gases  takes  place  throngh  the  walls  of  the  capillaries  and 
tlirono;!!  two  lavers  covering  the  villi. 


D.  Vagina  and  External  Feihale  Genitals. 

The  wall  of  tlie  vagina  is  about  3 mm.  thick,  and  consists 
of  four  layers : the  niucosa,  submucosa,  muscularis,  and  fibrosa. 
The  mucosa  is  thrown  into  transverse  folds,  the  so-called 
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ragw.  Oii  their  surface  we  ünd  a stratiüed  pavernent  epithe- 
liiim,  linder  whicli  there  is  a thiii  connective-tisHue  turiica 
propria.  At  tlie  exteriial  os  of  tlie  uterus  tlie  Hat  epitlielia] 
layers,  wliicli  eover  the  portio  vaginalis  uteri,  pass  over  into  tlie 
ciliated  cyliiidrical  epithelium  of  tlie  cervix  uteri.  The  timica 
propria  possesses  papillse  whicli  are  rieh  in  elastic  fibres,  and 
contain  quite  nuinerons  masses  of  lymphoid  tissue,  often  gath- 
ered  into  solitary  follicles  (noduli  lymphatici  vaginales).  Ac- 
cording  to  niost  authors,  the  vagina  contains  no  glands,  and  the 
rnucous  secretion  found  there  is  derived  froni  the  glands  of  the 
cervix  uteri. 

The  submucosa  which  joins  the  mneosa  loosely  with  the 
muscularis  consists  of  connective  tissue  characterized  by  its 
richness  in  elastic  fibres. 

The  muscularis  consists  of  an  onter  longitudinal  and  an 
inner  circular  layer  of  sinooth  niuscle  cells.  The  latter  is 
nsually  not  strongly  developed. 

The  fibrosa  which  surrounds  the  mnscle  coat  contains 
many  elastic  fibres  and  joins  the  vagina  with  the  surrounding 
tissues. 

The  blood-  and  lymph-vessels  form  many  plexuses  par- 
allel to  the  surface.  The  nerves  enter  the  epithelial  layer, 
where  they  end  freely. 

The  hymen  is  a membranous  reduplication  of  the  vaginal 
mneosa.  Its  inner  surfiice  is  covered  with  epithelium,  which 
represents  that  of  the  vagina.  The  onter  epithelial  layer  is 
like  that  of  the  skin.  The  whole  vestibnle  possesses  similar 
epithelium,  with  its  outer  cells  non-nucleated.  In  the  labia 
minora  there  are  sebaceous  «:lands. 

The  labia  majora  are  covered  with  epithelium  which  is  not 
at  all  different  frorn  that  of  the  skin  in  other  parts  of  the  body. 
In  the  region  of  the  clitoris  and  the  urethral  openings  we  find 
nnmerous  mucons  glands  {glandulm  vestibuläres  minores).  The 
larger  glands  of  the  vestibnle  {glandulce  vestibuläres  majores  s. 
glandulee  Bartholini)  correspond  with  Cowper’s  glands  in  the 
male,  producing  a similar  mucons  secretion. 

The  clitoris  resembles  sornewhat  in  structure  the 
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Tliere  are  in  it  eonsiderable  masses  of  erectile  tissue  and  firm 
elastic  Strands  like  tliose  of  tlie  penis.  The  glans  clitoridis  is 
supplied  riclily  witli  nerves,  and  besides  tlie  Meissner’s  and 
Pacinian  tactile  bodies  tliere  are  also  special  (genital  corjymdes 
(see  Nerve-endings). 


VI.  LOCOMOTOR  SYSTEM. 

Here  must  be  eonsidered  tlie  skeleton,  and  the  muscles, 
and  tlieir  mode  of  development. 

1.  THE  SKELETAL  SYSTEM. 

The  bones  form  the  essential  ])art  of  the  skeletal  System, 
and  in  connection  with  these  the  cartilages  play  an  important 
role.  The  structure  of  adult  bone  and  cartila2:e  as  tissues 
has  beeil  described,  but  here  they  must  be  spokeii  of  as  Organs. 

A.  Bones. 

Bones  eonsidered  as  oi'gans  consist  of  bony  tissue,  perios- 
teum,  and  bone-marrow,  with  blood-vessels  and  nerves  sup- 
plying  the  different  parts.  Eacli  bone  (here  the  teeth  are  not 
eonsidered)  is  surrounded  by  a conneetive-tissue  sheath,  the 
periosteiim^  with  the  exception  of  such  places  as  are  covered 
by  cartilage.  In  this  firm  layer  of  connective  tissue  tliere  are 
two  layers : an  outer  fibrous  layer,  in  which  tliere  are  few  cells, 
but  numerous  nerve  plexuses  and  blood-vessels ; and  an  inner 
delicate  layer,  poor  in  blood-vessels,  but  especially  rieh  in 
elastic  hbres  and  conneetive-tissue  cells. 

At  the  boundary  between  the  periosteum  and  the  bony 
tissue  we  find  a layer  of  eubical  cells  {pdeohlads\  which  play 
an  important  part  in  the  regeneration  and  development  of  the 
bone.  A more  or  less  intimate  connection  is  established 
between  bone  and  periosteum,  partly  by  means  of  blood-vessels, 
and  partly  by  bundles  of  conneetive-tissue  fibres  (Sharpey’s 
hbres)  which  run  from  the  periosteum  alniost  at  right  angles 
to  its  surface  and  enter  the  bone. 
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(a)  Bone-marrow. 

In  all  boiies  of  lii2;lier  aiiimals  we  find  a hone-marrow . ln 
tlie  long  bone«  tliis  fills  tlie  axial  cavity  and  enters  tbe  larger 
Ilaversian  eanals.  In  tbe  flat  bones,  on  the  contrary,  it  Alls 
np  the  nieshes  of  tlie  Sjiongy  Hiibstance.  Two  kinds  of  bone- 
niarrow  can  be  distinguislied  : red  and  yelloiv  marroiv.  The 
first  is  found  in  all  bones  <jf  einbryos  and  yonng  individnals. 
ln  the  eoiirse  of  time  it  ehanges  in  sonie  bones  {e.  (j.,  the 
diaphyses  of  the  long  and  short  bones  of  the  extremities)  into 
yellow  marrow.  Only  in  the  epiphyses  of  these  bones,  in  the 
bodies  of  vertebne,  and  in  the  flat  bones,  is  there  fonnd  red 
marrow  in  the  adnlt. 

The  red  marrow  is  a lymphoid  organ  wliicli  is  the  main 
])laee  of  formation  of  the  red  blood-cells.  Tlie  different  ele- 
ments  contained  in  the  red  marrow  are  the  following 
fFig.  197): 

1.  Myelocytes. — These  are  somewhat  similar  to  sonie  kinds 
of  leucocytes.  ln  normal  blood  tliey  are  not  found,  while  in 
len  klein  ia  they  are  very  abundant.  Their  nuclei  are  very 
large,  sonietinies  lobed,  and  surronnded  by  a iiiore  or  less  finely 
granulär  protoplasm.  The  iinclei  stain  faintly,  and  the  proto- 
plasm  is  sonietimes  quite  abundant. 

2.  Nucleated  Red  Blood-corpurcles. — Tlie  protoplasm  is  col- 
ored  yellow  on  account  of  the  luemoglobin  present.  Tlie 
nncleiis  nsually  is  placed  excentrically  and  stains  very  deeply. 
These  cells  are  known  also  as  erythro blasts  or  normoblasts, 
since  they  are  the  forerunners  of  the  erythrocytes.  They  vary 
eonsiderably  in  size,  very  large  ones  being  known  as  niegalo- 
blasts,  and  small  ones  as  microblasts.  These  nnusnal  fornis 
occur,  however,  niore  offen  in  certain  diseases. 

d.  Non-niicleated  Red  Blood-eorpuscles. — These  are  derived 
trom  the  nucleated  red  corpuscles. 

4.  Gicmt  Cells. — These  are  probably  modified  leucocytes. 
They  contain  one  or  more  nuclei,  whose  form  mav  be  round 
lobed,  or  annular.  The  old  theory  that  the  multinucleated 
giant  cells  arise  by  a fusion  of  niaiiy  cells  is  abandoned.  They 
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are  clerived,  oii  the  contrary,  froin  cells  witli  a single  nucleus 
which  has  divided  to  form  many  niiclei  witliout  a correspond- 
ing  division  of  the  protoplasm.  This  group  of  cells  is  inade  up 
of  the  so-called  osteoclasts,  which  play  an  important  part  in  the 
development  of  hone,  and  are  spoken  of  in  the  discussion  of  this 
subject. 

5.  £osinop]iiles  are  found  often  in  bone-marrow ; and  also, 

G.  3Iast-cells  (y-granulations),  which  are  found  exception- 
ally  in  the  blood. 

Some  of  diese  marrow  cells  contain  pigment  granules,  which 
are  the  remains  of  disintegrated  red  blood-corpuscles.  In  the 
red  marrow  fat  cells  are  not  abundant,  and  the  blood-vessels 
and  nerves»are  found  only  in  small  number. 

The  yellow  ov  fatty  marroio,  which  owes  its  color  to  the  large 
Proportion  of  fat  present  in  it,  arises  from  the  red  marrow  in 
die  diaphyses  of  the  long  bones  by  a diminution  of  the  marrow 
elenients  and  an  increase  in  fat.  In  old  or  emaciated  individ- 
uals  the  yellow  marrow  beconies  reddish  and  resembles  mucus. 
Such  a marrow  is  poor  in  fat,  and  is  known  as  gelatinous  bone- 
marrow.  The  connective  tissue,  which  occurs  only  in  small 
quandties  in  bone-marrow,  is  collected  at  the  periphery  of  the 
marrow  cavity,  where  it  fornis  a firm  fibrous  membrane,  lining 
die  wliole  cavity.  This  represents  a sort  of  inner  periosteum, 
and  is  called  the  endosteum. 

The  hone,  periosteum,  and  lione-marrow  are  supplied  more 
or  less  i’ichly  witli  blood-vessels.  These  enter  the  perios- 
teuni,  and  from  liere  they  pass,  by  nieans  of  the  Volkrnann’s 
and  Haversian  canals  through  the  hone  to  form  a network  of 


vessels  in  the  bone-marrow.  All  these  vessels  anastoniose  witli 
one  another.  The  so-called  nuirient  arieries,  which  supply 
the  medulla  witli  blood,  break  up  into  numerous  branches, 
which  form  a ilcli  capillary  network  in  the  medulla.  Narrow 
capillaries  broaden  out,  so  that  in  joining  together  they  pass 
into  small  veins  witli  very  delicate  walls. 

The  veins  of  the  bone-marrow  as  well  as  the  bone  possess 
no  valves.  The  older  idea,  that  the  capillaries  and  small  veins 
possessed  no  wall  at  all,  or  that  they  were  in  many  places 
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brokeii  tlirougli,  so  tliat  tlie  venous  blood  fiowed  freely  in 
spaces  of  tbe  marrow,  bas  not  been  supported  by  reeent 
investigations.  The  vein  walls  are  exceedingly  thin,  but  are 
always  present. 

The  lympli-vessels  form  fine  eapillary  networks  in  the 
periosteum.  The  nerves  are  ])artly  medullated  and  partly 
non-medullated.  They  enter  frorn  the  periosteum  into  the 
Volkmann’s  and  Haversian  canals  and  reacli  the  bone-mar- 
row.  Some  of  these  fibres  end  in  Pacinian  corpuscles  in 
the  periosteum. 

(b)  Joining  togetlier  of  Bones. 

The  bones  are  joiiied  together  either  immovably  (synar- 
throsis)  or  in  such  a way  that  they  can  rnove  freely  on  oue 
another  by  joints  (diarthrosis). 

The  immovable  combiiiation  is  effected  either  by  ligaments 
(syndesmosis)  or  by  cartilage  (syiichondrosis).  The  ligaments 
may  consist  only  of  fibrous  coniiective  tissue  and  appear  very 
like  tendons,  or  they  may  contain  immerous  elastic  fibres 
(liganientum  nuchae,  ligamentum  flava,  etc.).  The  synchoii- 
drosis  is  formed  usually  by  fibrous  cartilage,  which  at  the 
border  of  the  hone  becomes  hyaline.  Special  note  must  be 
made  of  the  intervertebral  lio;aments.  These  contain  in  their 
interior  a gelatinous  niass  (nucleus  pulposus,  gelatinous  nu- 
cleus),  which  is  the  softened  remains  of  the  chorda  dorsalis. 
Their  periphery,  however,  consists  of  fibrous  cartilage. 

In  joints  we  must  consider  the  articular  ends  of  the  bones, 
the  labra  glenoidalia,  the  menisci  interarticulares,  and  the  Joint 
capsules.  The  articular  ends  of  the  hone  cousist  of  hyaline 
cartilage,  which  is  calcified  on  the  side  adjacent  to  the  hone. 
Often  they  are  made  up  of  fibrous  cartilage  (c.  //.,  in  the  sterno- 
clavicular  and  maxillary  joints).  The  labra  glenoidalia  and 
menisci  interarticulares  are  fibrous  cartilages.  In  the  joint 
capsules  we  distinguish  an  outer  part  [stratum  fibrosum,  capsula 
fibrosa)  and  an  inner  part  (stratum  synoviale,  capsula  synovialis). 
The  latter  consists  of  loose  connective  tissue,  which  contains 
fat  cells,  vessels,  and  nerves,  and  is  clothed  on  its  inner  surface 
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by  ii  layer  of  flat  epitlieliuiii.  Tliis  m to  be  coiisiderecl  as  a 
serous  meinbraiie.  Often  tliere  extend  from  tlie  synovial  meni- 
brane  iiito  tlie  joiiit  cavity  the  so-ealled  synovial  villi.  These 
are  fouiid  abandaiitly  oii  tlie  borders  of  tlie  joiiit-surfaees,  and 
eonsist  of  a connective-tissue  axis  often  containing  blood  cajfll- 
laries  and  an  epithelial  covering.  The  synovial  ßuid  (synovia) 
contains  a few  fat  droplets  and  fragments  of  ej)ithelium  broken 
olf  froni  the  joint-snrfaees. 


[c)  Development  of  Bones. 

Eony  tissue  develops  later  tliaii  aii}^  other  tissue,  and  arises 
froni  sonie  prefornied  tissne,  such  as  hyaline  cartilage  or  con- 
nective  tissne.  In  young  embryos  the  future  skeleton  exists 
as  cartila2:e  or  connective  tissue. 

o 


(7)  Development  of  Bone  from  Cartilage. 

ln  bones  Avhich  are  developed  froni  cartilage  the  bony 
tissue  is  laid  down  in  two  diflerent  places,  either  in  the  interior 
of  the  cartilaginous  forerunner  of  the  skeleton  [endochotulral 
ossidcatLon),  or  on  the  surface  of  the  cartilage  {pericliondral 
osslfication,  wrongly  called  j)eriosteal  ossification). 

Tlie  endochondral  bone  forniation  begins  with  the  increase 
in  size  and  nuiiiber  of  cartilage  cells  through  karyokinesis,  so 
tliat  niaiiv  cells  conie  to  lie  in  each  cartilage  lacuiia  (Figs.  193 
and  194).  Certain  clianges  then  begiii  in  tlie  honiogeneons 
gronnd  substance  of  tlie  cartilage.  Calcium  salts  are  laid 
down,  so  that  tlie  ground  substance  becomes  opaque.  The 
cartilage  lacunae  beconie  large  and  tlie  cells  sliiinlv.  X laces 
where  such  clianges  have  takeii  place  may  be  quite  numerous 
in  a bone,  and  are  Iviiown  as  (ivccis  oj  ossijicctttoyt  oi  ccilcijlcü- 
tioji.  In  the  loug  bones  such  centres  usually  appear  first  in 
the  diaphysis. 

AVhile  this  jirocess  is  going  on  inside  the  cartilage  certain 
clianges  take  place  on  its  outer  surface.  In  the  deeper  cel- 
lular  layers  of  the  periehondrium  an  ossification  (perichondral 
ossification)  begins.  These  layers  of  jierichondial  cells,  lichK 
supplied  with  Idood-vessels,  are  known  as  osteogenons  iissue. 
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The  grouiul  substaiiee  beconies  calcified  and  the  cells  become 
clianged  into  bone  eells.  in  tliis  way  there  is  formed  at  the 
border  of  tlie  cartilage  and  pericliondriuin  a bony  layer,  and 
the  pericbondriuni  beconies  the  periostenni.  hrom  thelattei, 
biuls  grow  in  toward  the  areas  of  ossihcation,  known  as  pem- 
osfeal  buds  (Fig.  194).  These  penetrate  the  calcified  ground 
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thirds  of  the  second  phalanx  is  re[)resoiited.  At  X u periosteal  bud  is  to  he  seen.  X So. 


substaiice  of  the  cartilage,  whose  cell  capsnies  are  broken 
down,  allowing  the  cells  to  become  free,  ln  this  way  there 
gradnally  arises  a cavity  in  the  areas  of  ossihcation  wliicli 
forms  a priinordial  or  primm'y  medidlary  cavity,  and  the  hrst 
trace  of  the  permanent  marrow  cavity.  In  this  space  are 
found  blood-vessels  and  cellular  elements,  which  are  derived 
partly  from  cells  bronght  in  by  the  periosteal  buds,  and  partly 
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from  f'reed  cartilage  cells.  Some  of  tlie  cells  form  tlie  elements 
of  the  future  bone-marrow ; a pari,  on  tlie  contrary,  play  tlie 
important  role  of  boiie-formers  or  osteohlasts.  Tliese  are  large, 
ofteii-braiicliecl  cells,  wliicli  as  a rule  form  a layer  oii  the 
inner  surface  ol  tlie  periosteum,  and  are  carried  into  the  mar- 
row  cavity  along  witli  the  periosteal  bnds.  Thns  we  find  in 
the  areas  of  ossification,  first,  proliferation  of  the  cartilage  cells 
and  a calcification  of  the  ground  substance,  and  tlien  a de- 
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struction  of  tliis  cartilage  by  tlie  ingrowtli  of  periosteal  buds. 
In  long  bones  tlie  inarrow  cavity  iiicreases  in  size  by  a gen- 
eral breaking  down  of  tlie  calcified  bone. 

Tlie  cartilage  lying  at  botli  ends  of  the  diaphysis  shows 
cliaracteristic  relations  (Figs.  195  and  106).  We  niay  notice 
in  tliis  several  zones  wliicli  are  well  marked  off  from  one 
anotlier.  The  part  most  distant  from  the  inarrow  cavity  shows 
110  changes,  containing  spindle-shaped  cavities  with  small  cells. 
The  cells  lying  nearer  the  medullary  cavity  are  larger  and 
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arraiiged  in  rows,  or  cell  coUinoi^,  t)etween  wliich  there  is  a 
fibrous  ground  substaiice.  The  individual  cells  of  the  colnnins 
are  separated  by  thin  septa.  Still  nearer  tlie  niediillary  cavity 
the  cell  lacLuuB  are  large  and  flattened  against  one  another. 
The  septa  of  groiind  substance  become  thinner,  and  finally 
vanish,  and  the  lacuiue  in  many  places  coalesce  to  form  larger 
cavities. 

The  ground  siü)stance  is  iinj)regnated  with  calcium  salts 
and  becomes  opaque.  The  spaces  in  the  cartilage  o])en  into 
the  marrow  cavity,  which  in  consequence  seems  to  have  many 
irregulär  cavities  leading  from  it.  Blood-vessels  grow  in  from 
the  marrow  cavity  together  with  marrow  and  osteoblasts,  which 
on  the  inner  surface  of  the  increased  medullary  cavity  begin 
the  formation  of  a bony  layer.  The  osteoblasts  gradually 
become  surrounded  bv  ground  substance  which  is  converted 
into  hone,  the  osteoblasts  themselves  becoming  bone  cells. 

In  consequence  of  the  activity  of  the  osteoblasts  the  whole 
medullary  cavity  is  lined  with  a thin  layer  of  bone  (Figs.  105 
and  196),  and  of  the  original  solid  mass  of  cartilage  there 
remain  only  irregulär  pieces  covered  with  bone.  The  cartilage 
is  thus  converted  into  a spongy  bone.  As  already  mentioned, 
the  perichondral  ossification  goes  on  at  the  same  time  at  the 
surface  of  the  cartilage  (Figs.  195  and  196).  This  is  due  to 
the  activity  of  osteoblasts  lying  between  the  cartilage  and 
perichondriiim,  and  in  this  way  bone  is  laid  down  in  layers 
on  the  Outside  of  the  cartilage.  By  this  so-called  appo>^ition 
the  bone  increases  in  thickness. 


The  vessels  at  the  surface  become  enclosed  in  the  develop- 


ing  bone  in  cavities  whicli  form  afterward  the  Haversian  caiials. 


The  osteoblasts  contained  in  tliese  form  concentrically  lying 
lamella3  in  the  ground  substance  of  the  bone.  The  epiphyses 
of  the  long  bones  become  ossified  later  than  the  dia.physes ; but 
the  process  in  both  cases  takes  ])lace  by  an  endocliondral  and  a 
perichondral  ossification.  Areas  of  calcification  are  formed, 
into  which  blood-vessels  grow  from  tlie  surface  of  the  cartilage 
or  from  the  diaphysis.  A medullary  cavity  is  formed  and  tlie 
ossified  borders  of  the  dia])hysis  and  epij^hvsis  approach  one 
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iuiotlier.  These  are  at  first  separated  from  oiie  aiiother  by  a 
tliiii  layer  of  eartilage,  the  epiphyseal  lirie.  By  meaiis  of  tliis 
eartilage  tlie  hone  is  eiiabled  to  increase  in  leiigtb,  and  not 
iintil  all  growtb  in  lengtb  bas  ceased  does  tbe  epiphyseal 
line  disappear. 

In  addition  to  tbis  [)rocess  of  bone  forniation  tbere  is  also  a 
destrnetion  of  bone.  In  tbis  process  of  absorption  tbe  so-ealled 
osteoclasts  play  an  active  part.  Tliese  are  giant  cells  (Fig.  198) 


Fig.  198. 


Lacnna 


Giant  cell 
i osfeoclast) 


'J>- 

— Bone 


Marroic  cells 


From  a lonijitiHlinal  seetion  of  the  feninr  of  a rabbit’s  embryo.  X 335. 

containino;  manv  niielei  and  sitnated  in  small  bollowed-ont 
spaces  in  tbe  bone  known  as  Hoivship^ s lacunce.  It  is  believed 
generally  tliat  tbese  osteoclasts  in  some  way  absorb  or  destroy 
tbe  bone  after  it  bas  lieen  formed  bv  tbe  osteoblasts,  and  tbat 
in  tbis  way  tbe  medullary  cavity  is  increased  in  size.  Tbey 
are  to  be  observed  not  only  in  growing  bones,  bnt  also  in  tbose 
tbat  are  fnlly  developed.  All  tlie  bones  are  formed  from  carti- 
lage,  witb  tbe  exception  of  tbe  bones  of  tbe  roof  of  tbe  sknll, 
tbe  lateral  part  of  tbe  skull,  most  of  tbe  face  bones,  and  a 
small  part  of  tbe  base  of  tbe  skull. 
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(2')  Development  of  Connective-tissue  Bones. 

In  tliose  instances  in  wliich  bones  are  developed  in  con- 
nective  tissue  cei'tain  bundles  of  connective  tissne  becorne  cal- 
cified  and  form  tlie  ground  snbstance  of  the  bone.  The  con- 
nective-tissue cells  arrange  tbemselves  in  a layer  on  tbe  snrface 
of  tliese  bundles,  and,  becoming  rnore  rieh  in  protoplasm,  are 
converted  into  osteoblasts  (Fig.  199).  There  is  tlius  formed  a 
bony  plate  by  tbe  addition  of  bone  on  the  snrface  and  at  tbe 
borders  of  tlie  calcified  mass.  Tliis  increases  in  tbickness  by 


Fig.  199. 


Osteoblasts 


Bone  cells 


Blood-vessel  Connective  tissue  Bone 

From  a transverse  sectiou  of  the  parietal  bone  of  a human  embryo. 


X 220. 


the  deposition  of  new  bone  on  tlie  two  surfaces.  The  older 
bone  between  these  two  layers  becomes  a spongy  bone  snbstance 
(diploe).  In  this  kind  of  bone  production  the  osteoclasts  are 
particularly  active,  for  the  bones  that  are  so  formed  are  con- 
stantly  imdergoing  clianges  in  form  and  relations.  These  are 
mainly  the  lateral  bones  of  the  skull,  the  facial  bones,  and  the 
upper  parts  of  the  occipital  bone. 

B.  Cartilages. 

The  cartilages  are  covered  with  a perichondrium,  with  the 
exception  of  those  covering  the  joint-surfaces  and  those  joining 
together  bones.  In  fully  developed  cartilages  we  find  no  blood- 
vessel  s.  These,  as  well  as  the  nerves,  exist  only  in  the  peri- 
chondrium (see  Cartilage  tissue). 

18 
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2.  MUSCULAR  SYSTEM. 

Large  aggregatioiis  of  striated  muscle  libres  form  organs 
wliicli  are  called  miiseles.  These  takeii  collectively  form  tlie 
miiscular  System.  The  muscle  fibres  are  grouped  together  in 
the  muscles  to  form  buiidles  (Fig.  200).  Aroimd  each  hbre 
tliere  is  alwavs  a certain  amount  of  connective  tissue  containino- 
blood  caj^illaries,  and  bundles  of  these  fibres  are  surrounded  by 
thicker  Stands  of  connective  tissue  known  as  the  peinmysium 
internum.  These  pvimary  bundles  are  grouped  together  by 
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connective  tissue  to  form  secondary  bundles.  which  in  large 
muscles  are  enclosed  still  further  to  make  up  tertiary  bundles. 
The  whole  muscle  is  surrounded  by  a thick  connective-tissue 
capsule,  perimysiiim,  externum.  This  is  in  direct  connection 
with  all  the  Strands  of  connective  tissue  that  make  up  the  peri- 
mvsia  interna.  Tliis  can  best  be  seen  in  a cross-section  of  a 

t/ 

muscle  stained  to  bring  the  connective  tissue  into  prominence 
{e.  y.^  with  acid  fuchsin  and  picric  acid).  We  see  that  the 
perimysium  externum  sends  septa  into  the  muscle  between  the 
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secondary  buiidles,  to  joiii  finally  witli  the  periinysia  interna  to 
niake  up  a continiioiis  connective-tissne  frainewoi’k.  Tlie  pails 
of  tliis  franiework  wliicli  enter  tlie  priinary  bnndles  to  surroiind 
tlie  individual  miiscle  tibres  iisually  contain  very  few  elastic 
fibres  and  no  fat  cells  ; wliile  the  larger  strands  separating  tlie 
priinary  and  secondary  bundles  are  rieh  in  both  these  elenients. 
Blood-vessels  and  nerves  enter  the  niuscle  in  the  connective- 
tissue  septa  and  surround  the  niuscle  tibres 

The  hlood  supply  shows  an  exceptionally  rieh  branching  of 
capillaries  around  the  niuscle  libres.  Tlie  blood-vessels  enter 
the  periniysiuni  and  run  niore  or  less  |)arallel  to  the  course  of 
the  muscle  libres  (Fig.  201).  In  the  perimysiuiii  between  the 
priinary  bundles  fine  arterial  branches  jiroceed  at  right  angles 
from  the  larger  trunks  between  the  muscle  libres.  Froin  these, 
there  run  again  at  right  angles — i.  e.,  parallel  to  the  course  of 
the  libres — the  capillaries,  which  form  a line  network  surround- 
ing  the  individual  libres.  They  run  in  large  jiart  parallel  wdth 
the  fibres,  and  send  oflP  quite  frequently  fine  anastomosing 
branches,  so  that  the  meshes  of  the  network  are  for  the  most 
2^art  rectangular  or  jliomboidal.  Fach  fibre  is  surrounded  on 
all  sides  by  capillaries,  as  may  be  seen  in  a cross-section  of  an 
injected  muscle  (Fig.  202).  The  veins  arising  from  the  capil- 
laries are  characterized  by  the  presence  of  valves,  even  in  the 
finest  branches.  In  the  red  muscles  of  the  rabbit  there  are 


sinuses  in  many  places  between  the  arterial  and  venous  ends 
of  the  network  (Ilanvier). 

Ihere  is  in  all  muscles  a definite  blood  vascular  unit,  special 
attention  to  which  was  called  by  Spalteholz.  Arteries  can 
be  seen  entering  the  muscle  bundles  at  regulär  intervals  (Fig. 
201),  and  sending  out  capillaries  on  all  sides.  The  veins  col- 
lecting  the  blood  from  these  capillaries  are  placed  quite  regu- 
larly.  The  unit  thus  has  the  artery  for  its  centre  and  the 
collecting  veins  at  the  peripher v. 

riie  nerves  and  their  endings  are  spoken  of  in  the  section 
on.  Nerve-endiims. 

* o ■ 
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Development  of  Muscles. 

In  the  early  study  of  tlie  growtli  of  muscles  it  was  claimed 
by  some  investigators  (Schwann,  Valentine)  that  muscle  fibres 
are  bullt  up  by  the  fusion  of  many  indifferent  cells.  Remak 
claimed  that  the  muscle  fibre  is  derived  from  a single  cell,  a view 
which  since  has  gained  general  acceptance.  The  way  in  wliicli 
such  fibres  are  joined  together  in  the  embryo  to  form  definite 

muscles  is  not  satisfactorilv  understood.  Certain  facts,  how- 

*/■  ' 

ever,  have  been  obtained  as  to  the  o;rowth  of  embrvonic  muscles. 
The  development  of  the  human  sartorius  muscle  has  been 
worked  over  in  recent  years  (MacCallum).  At  an  early  stage 
the  cells  making  up  the  muscle  are  small  and  spindle-shaped, 
and  are  scattered  in  loose  bundles.  At  first  there  are  no  fibril 
bundles,  and  the  nucleus  is  placed  centrally.  Subsequently 
the  fibril  bundles  appear  around  the  periphery  of  the  cell. 
The  cells  become  more  nunierous  and  increase  in  size  until 
the  human  embryo  is  between  130  mm.  and  170  mm.  in 
leimth  from  vertex  to  breech.  At  this  stage  the  bundles  of 
cells  become  more  compact  and  the  cells  themselves  are  filled 
witli  fibril  bundles  as  in  the  adult.  The  fibres  now  grow  in 
leimth  and  thickness,  but  no  longer  increase  in  nurnber.  In 
embryos  smaller  than  170  mm.  in  length  there  is  a progressive 
increase  in  the  nurnber  of  fibres  found  in  a cross-section.  After 
this,  however,  the  nurnber  remains  approximately  constant. 
In  other  words,  the  fibres  of  the  human  sartorius  do  not  in- 
crease in  nurnber  after  about  the  first  half  of  ernbryonic  life. 
After  this  period  the  increase  in  size  of  the  muscle  is  due  to 
growtli  of  the  individual  fibres,  and  not  to  their  multiplica- 
tion. 

» 

INIarpargo  has  observed  that  in  the  white  rat  the  muscle 
cells  continue  to  multiply  for  a short  time  after  birth.  Ac- 
cording  to  Meek,  hyperplasia  of  the  muscle  cells  ceases  at 
birth,  and  after  this  there  are  a reduction  in  the.  nurnber  of 
fibres  and  a hypertrophy  of  those  remaining. 

A vascular  connective  tissue  separates  the  muscle  bundles 
to  form  primary  and  secondary  groups,  which,  according  to 
Bardeen,  are  to  be  considered  as  units. 
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The  miiseles  are  connected  witli  otlier  parts  of  tlie  body 
alinost  always  by  nieans  of  tendons.  These  consist,  as  has  heen 
stated,  of  connective-tissne  fibrils,  which  are  joined  togethei*  by 
ineans  of  interfibrillar  ceinent  snbstance  to  form  primary  hundles. 
Many  of  these  are  combined  by  intertascicnlar  cement  snbstance 
to  inake  np  secondary  tendon  bundles  (Fig.  203).  Ihe  char- 
acteristic  tendon  cells  lie  between  the  primary  bundles.  The 


Fig.  203. 


Part  of  a cross-section  of  a human  tendon  (popliteal  muscle). 
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secondary  bundles  are  surrounded 
containing  elastic  fibres  and  joined  together  to  form  tertiary 
bundles.  The  whole  tendon  is  surrounded  by  a connective- 
tissne  capsule,  the  so-called  peritenonium.  The  tendon  sheath 
consists  of  connective  tissue  lined  on  tlie  inner  surface  with  a 
layer  of  flat  cells. 

The  intimate  connection  between  muscle  and  tendon  is 
brought  about  by  the  direct  transition  of  the  perimysium  into 
the  connective  tissue  of  the  tendon  (Fig.  204).  In  cases  in 
which  the  muscle  is  fitsten ed  to  the  periosteum  or  fascioe,  the 
perimysium  alone  eflects  the  union  by  passing  over  directly 
into  the  periosteum  or  fascia. 

The  blood-vessels  of  tendons  are  not  abundant.  They  run 
in  the  loose  connective  tissue  behveen  the  tendon  bundles. 
Tlie  lymph-vessels  form  a rieh  plexns  on  the  surface  of  the 
tendon.  Tlie  nerves  end  on  the  tendons  partly  by  means  of 


by  loose  connective  tissue 


278 


MICllOSCOPIC  ÄNÄTOMY  OF  TUE  ORGANS. 


arborizatioiis,  tlie  so-called  GolgVs  tendon  sp  'mdles,  or  by  nieans 
ol  \ ater-Paciniaii  corpuscles  ; some  end  in  tlie  vesseis.  — 
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Froni  a longitudinal  section  throiigh  the  gastrocneinius  muscle  of  a frog,  sliowing  the 

transition  rroin  muscle  to  tendou.  X ~00. 

Tlie  fasciw  are  coiinective-tissue  niembranes  wliose  biindles 
of  fibrils  iisiially  form  iiiterlacing  layers.  Tliey  contain  as  a 
ride  a great  inaiiy  elastic  fibres. 


VII.  NERVOUS  SYSTEM. 


1.  CENTRAL  NERVOUS  SYSTEM. 


A.  Spinal  Cord. 

Even  with  tlie  naked  eye,  tlie  gray  and  white  matter  caii  be 
distinguislied  in  a cross-section  of  tlie  spinal  cord.  The  fornier 
occupies  a central  position  and  is  snrronnded  by  white  matter. 
The  relative  amonnt  of  gray  matter  varies  in  different  regions 
of  the  cord.  In  the  sacral  region  it  is  present  in  larger  amonnt 
tlian  is  tjie  white  matter  (Fig.  208).  In  all  parts  of  the  cord 


PLATE  XXXll 


LdteraJ 

cohdint 


Dorsal  ined'nm 


J>orsal 

hont 


1 'nilral 


Fonnaiio 

rrticalaris 


Xer 


Fascic. 

nnieat. 


])(trs<il  root 


Irl'tllJ  CoOlnl  issa  )’P 
[Jeft,  central  canal) 


Ventro-medial  Ventral  median  l^entral 

ßssiire  coinmn 


White 

coinmis.mre 


hont 


Fk;. 
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Fi(i.  200.  -Transverse  section  of  tlie  dorsal  cord  of  man,  at  the  U'vel  of  ihe  elevenlli  >i»inal 

root.  X 11. 
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207. — Traiisverse  .section  of  the  liinil)ar  cord  ot‘  man  in  rlie  rcsioi'  of  ilio  lunihar 

(‘nlavi^cincnt.  X 11- 


IG.  208.  I ransverse  .scction  of  tlic  sacral  cord  ofnian.  x 11 
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Fh4.  209.  — Dia.urani  uf  sitiiial  cord  in  tTau.svorse  soction.  (After  v.  Lenhossek.)  Left,  oollateials ; 

ri,i;lit,  nervo  colls. 
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the  gray  substance  lias  in  ci'oss-section  rouglily  tlie  form  of 
tlie  letter  H (Figs.  205-208),  aiul,  takeii  as  a wliole,  consists 
of  two  long  columns  laid  [)arallel  to  one  anotlier  and  joined 
togetlier  by  tlie  so-called  gicuj  comrnissure.  Fach  of  the  eol- 
ninns  is  tliicker  on  its  ventral  tlian  on  its  doi*sal  side.  Tliere 
is  tlierefore  in  cross-sections  a wide  ventral  liovn  and  a snialler 
dorsal  liorn.  In  tlie  lower  cervical  and  tlie  npper  thoracic 
regions  of  tlie  cord  tliere  a|)])ears  the  lateral  liorn  [tractus  int  er- 
mediolateralis).  In  tlie  sanie  regions  processes  of  the  gray  sub- 
stance  extend  into  the  white  niatter  in  such  a way  tliat  a net- 
like  structure  is  formed,  contaiiiing  in  its  meshes  bnndles  of 
fibres  froin  the  white  matter.  This  is  known  as  the  formatio 
reticularis,  and  appears  at  the  junction  of  the  ventral  and 
dorsal  horns  (Fig.  205). 

Froni  the  ventral  surface  of  the  ventral  liorn,  bundles  of 
nerve  fibres  riin  out  throimh  the  white  matter,  formiim  the  so- 
called  ventral  root.  Siniilar  nerve  bundles  are  present  on  the 
dorsal  side,  niaking  u]:»  the  dorsal  root. 

Witli  small  magnification  tliere  can  be  distingnished  in  the 
thoracic  region  of  the  cord  a well-defined  group  of  cells  known 
as  the  column  of  StiUing- Clarke,  or  the  nucleus  dorsalis  (Fig. 
207).  It  can  be  observed  also  in  the  upper  part  of  the  lumbar 
region.  It  occupies  a position  on  the  median  side  at  the  base 
of  the  dorsal  liorn  opposite  the  formatio  reticularis.  Anotlier 
conspicuous  structure  to  be  observed  in  the  gray  matter 
throughout  the  whole  length  of  the  cord  is  the  substantia 
gelatinosa  (Kolandi).  This  lies  at  the  apex  of  the  dorsal 
horii,  and  consists  of  small  spindle-shaped  cells  with  less  neu- 
roglia  than  other  parts  of  the  gray  niatter  (Weigert).  This 
is  seen  in  preparations  made  by  Weigert’s  method  as  a light 
band  across  the  end  of  the  dorsal  liorn  (Fig.  212). 

The  gray  commissure  is  a flat  band  of  s:rav  niatter  connect- 

c/ 

ing  the  tw^^  lateral  gray  masses.  In  its  centre  is  the  central 
canal,  which  runs  the  whole  length  of  the  cord  and  is  continn- 
OLis  with  the  cavities  of  the  brain  and  niedulla.  The  diameter 
of  its  lumen  is  usually  about  1 mm.  In  embrvos  it  is  lined 
with  ciliated  epithelium  and  surrounded  by  the  substantia 
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(/risea  ceiitralis.  In  adults  it  is  often  j)artly  obliterated  on 
aecount  of  tlie  growtli  of  ependynial  cells  and  neuroglia  fibres. 
The  gray  cominissure  is  divided  by  tlie  central  canal  into  a 
dorsal  and  a ventral  (jray  cominissure. 

The  white  matter,  as  ali*eady  mentioned,  surroiinds  the  gray 
matter,  and  is  separated  into  right  and  left  lialves  by  ihefis- 
sura  mediana  veniralis  in  front,  and  the  septum  medianum 
dorsale  behind.  The  former  is  a longitudinal  fissure  which 

Fig.  210. 


Lonqitudinal  sections  of 


Medullated  nerve  Uhr  es 


The  ventral  half  of  the  ventral  horn  from  a calf ’s  spinal  cord.  Section  through  the  cervical 

eulargenient.  X 80. 


extends  the  whole  length  of  the  cord,  but  never  is  qnite  deep 
enough  to  reach  the  gray  matter.  A thin  Strand  of  white 
matter  intervenes,  and  is  known  as  tlie  white  cominissure  (Figs. 
205  and  212).  Fach  of  tliese  hal  ves  of  the  wliite  matter  is 
divided  by  means  of  the  ventral  and  dorsal  nerve  roots  into 
ventral,  lateral,  and  dorsal  columns  (Figs.  205  and  212).  On 
the  surface  of  the  cord  this  division  is  marked  bv  the  snlci 
[sulcus  lateralis  ventralis  and  dorsalis). 
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PLATE  XXXV. 


Fifj.  *211. — Din.i'nini  (»rtlu'  relatioiis  of  ncuroiu's  in  the  spinal  cord. 

Sjxi,  spinal  gan<^lion  cell  ; Df,  desccaiding  fibres  ; Af,  ascending  (ihres  ; 
Co,  cells  wliose  axones  rnn  in  the  lateral  coliunns;  Cm,  connnissnral  cells  ; 

niotor  cells;  S,  Spider  cells;  PC,  til)res  of  ventral  pyramidal  tract ; 
y’7>,  (ihres  of  lat(*ral  pyramidal  tract;  F,  collaterals ; 7’,  telodendria. 
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The  dorsal  columii  is  marked  ok  plainly  in  tlie  ceivical 
reo;ion  iiito  two  parts,  a median  segment,  ü\e  Jwnicmlus  (pacills 
{Zhimn  of  Goll),  and  a lateral  segment,  ihejunicul tts  cimeatm 

(coliunn  of  Burdach)  (Fig.  205). 

AVe  may  begin  tlie  study  of  the  finer  strncture  of  tlie  coid 

by  a consideration  of  tlie  nerve  cells,  wliicli,  as  lias  been  noted, 
are  foiind  almost  exclusively  in  the  gray  matter.  Of  these, 


there  are  three  main  varieties : 

1.  Motor  cells  (Fig.  210)  are  situated  in  the  ventral  and  lat- 
eral horns,  and  are  arranged  usually  in  groups.  Especially  in 
the  cervical  and  lumbar  regions  are  such  groups  to  be  observed, 


Fig.  213. 


Medullatecl  nerve  fibres 
eilt  longitudinally 


Xucleus  of  glia  cell 


Medullated  nerve 
fibres  ent  transversel 


Transverse  section  through  the  white  matter  of  the  spinal  cord  of  an  ox. 


X 260. 


the  more  important  being  the  dorso-lateral,  ventro-lateral,  and 
ventro-medial  groups.  Motor  cells  are  unusiially  large  cells, 
from  each  of  which  an  axone  extends  into  the  ventral  root  of 
the  same  side  to  form  the  axis  cvlinder  of  a medullated  nerve 
fibre.  The  dendrites  are  niimerous,  and  extend  back  toward 
the  dorsal  horn. 

2.  Cyis  of  the  columns  (Fig.  209)  are  cells  which  send  out 
axones  into  the  white  substance  to  form  the  fibres  of  the  white 
columns.  They  may  be  divided  into  (a)  cells  whose  axones 
pass  into  the  white  matter  of  the  same  side  (tautomeric),  and 
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(/>)  eells  wliose  axoiies  pass  over  to  the  opposite  side  througli 
tlie  white  commissui-e  (commissural  or  heteromeric  eells)  (Fi<»'s. 
209  and  212).  These  eells  are  present  tlironghout  the  whole 
irrav  substance,  and  are  snialler  than  the  motor  eells.  Their 
axones  nsually  give  olf  niimerous  eollaterals  before  entering 
the  white  matter,  while  those  of  the  motor  eells  possess  few  eol- 
laterals. The  axones  of  the  eells  of  the  eohimns  nsually  pass 
into  the  ventral  and  lateral  eohimns.  Here  they  undergo  fork- 
like  divisions,  one  braneh  aseendino;  and  the  other  deseendins: 
in  the  eord.  Other  axones  do  not  divide,  but  pass  either  up  or 
down  in  the  eord.  Still  other  eells  divide  in  the  gray  matter, 
one  brauch  reniaining  on  the  sarne  side,  and  the  other  passing 
over  in  the  white  commissure  to  the  opjiosite  side  (hecatero- 
meric)  (Fig.  214). 

Some  of  the  libres  of  the  eohimns  riin  to  the  brain  and 
eerebelhim  to  form  tlie  long  palJts,  while  others  liave  only  a 
short  coiirse  and  make  iip  the  short  jJaths  in  tlie  white  matter. 

3.  Spüler  eells  f Binnenzellen)  are  eells  wliose  miieh- 
branched  axones  do  not  leave  the  gray  substance,  but  end 
bv  arborizations  in  its  interior. 
dorsal  hör  ns. 


They  occur  mainly  in  the 


The  gray  substance  jiossesses  nerve  fibres  as  well  as  eells. 
These  are  in  part  processes  of  the  eells,  and  in  part  originale 
elsewhere  and  end  here,  as,  for  example,  eollaterals  froni  the 
axones  of  spinal  ganglion  eells.  Neuroglia,  to  be  spoken  of 
later,  is  also  abundant  in  the  grav  matter. 

The  white  matter  consists  of  medullated  nerve  fibres  and 
neuroglia.  The  fibres  mav  originate  from  three  different 
sources,  namelv:  from  the  column  eells  Iving  in  the  cord,  trom 
the  eells  of  the  cerebral  eortex  (centrifugal  eells),  and  from 
spinal  ganglion  eells  (eentripetal). 

By  reason  of  histological,  embryological,  and  experimental 
investigations  we  have  a fairly  exact  knowledge  of  the  course 
of  some  of  these  nerve  bundles.  In  a cross-section  of  the  cord 


we  can  map  out  certain  fields  in  the  white  matter  wliich  contain 
fibres  liaving  a definite  eourse.  In  the  ventral  eolumn  (funicii- 
Ins  ventralis)  along  the  ventro-median  fissure  there  is  situated 


Fig.  212. — Cross-section  of  spinal  cord  of  calf  in  cervical  region.  Stained  by  Weigert’s  method.  Only 
one-balf  of  the  gray  matter,  with  the  surrounding  white  matter,  is  given.  X 25. 
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tlie  ventral pyy'airiidal  tract  (fasciculiis  cerebrospinalis  ventral is) 
(Fig.  211).  Its  fibres  riin  in  tlie  main  froni  tlie  cerebral  cortex 
of  tlie  saine  side,  and  end  by  Crossing  over  in  tlie  ventral  coni- 
niissnre  and  forniins:  end  arborizations  aronnd  tlie  motor  cells 

O 

of  tlie  ventral  liorn.  I^ying  lateral  to  tliis  tract  on  eacli  side 
is  tlie  ground  bündle  of  tlie  ventral  colnnin.  It  contains  tlie 
axones  of  colnnin  cells. 

ln  tlie  lateral  colunm  (fnniculus  lateralis)  we  find  tlie  so- 
called  lateral  or  crossed,  pyrayuidal  tract  (fascicnlns  cerebro- 
spinalis lateralis).  Tliis  tract  contains  centrifugal  fibres  arising 
in  cells  of  tlie  cerebral  cortex  of  tlie  opjiosite  side.  The  Cross- 
ing of  tlie  fibres  takes  place  on  tlie  lower  part  of  tlie  niednlla 
oblongata.  Tliey  end  by  arborizations  aronnd  tlie  ventral  liorn 
cells  of  tlie  sanie  side.  Tliis  colnnin,  togetlier  witli  tlie  ventral 
pyramidal  tract,  fornis  a crossed  tract,  wliicli  carries  practically 
all  tlie  motor  fibres  on  tlie  cord. 

Periplieral  to  tlie  crossed  pyramidal  tract  lies  tlie  cerehellar 
tract  (fascicnlns  cerebellospinalis  dorsalis),  wliicli  contains  fibres 
derived  from  the  axones  of  cells  in  Clarke’s  colnnin  (nnclens 
dorsalis).  These  fibres  rnn  np  to  the  cerebellnm.  Ventral  to 
tliis  we  find  the  colunin  of  Gowers  (fascicnlns  ventrolateralis 
Gowersi).  It  has  its  origin  in  cells  of  the  colnmns  and  rnns 
upward  to  the  cerebellnm. 

The  rest  of  the  lateral  colnnin,  the  so-called  ground  hundleSy 
consist  of  axones  having  their  origin  in  cells  of  the  colnmns. 
These  axones  divide  into  ascending  and  descending  bi’anches, 
which  rnn  only  a short  distance  (short  paths).  The  fnnction 
of  these  bnndles  is  to  ioin  togetlier  neighboring  Segments  of 
the  cord. 


The  dorsal  column  (fnnicnlns  dorsalis)  is  formed  from  the 
fibres  of  the  dorsal  root,  throngh  which  the  axones  from  spinal 
ganglion  cells  enter  the  cord.  On  entering  the  dorsal  colnmn 
each  axone  divides  into  an  ascending  and  a descendino'  brauch. 
Eacli  of  these  gives  off  many  side  branclies  {coUaterah),  which 
enter  the  gray  matter  to  end  in  fine  arborizations.  We  find 
such  end  arborizations  from  tlie  dorsal  column  in  the  nnclens 
dorsalis,  in  the  substantia  gelatinosa  Kolandi,  and  in  the  ventral 
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horns  in  tlie  region  of  the  motor  cell  gronps  (reflex  collaterals). 
Only  very  few  of  these  collaterals  pass  tlirough  tlie  dorsal  com- 
inissure  to  tlie  opposite  side.  The  descending  branclies  of  the 
dorsal  colimm  fibres  ruii  only  for  a short  distance,  while  the 
asceiuling  branclies  reacli  iisnally  as  far  np  as  the  medulla,  wliere 
they  end  in  the  nuclei  of  the  colnnins  of  Goll  and  Burdach. 
The  fibres  in  their  conrse  upward  tend  to  ap|)roach  the  median 
side  of  the  dorsal  colnnin,  while  the  newly  entering  fibres  of 
the  dorsal  root  are  always  lateral  to  those  arising  in  ganglia 

Fig.  214. 


Central  canal 


Gray  matter 


Developing 

astrocyte 


Dorsal  root 


White 

matter 


Commissure 


Ependyma 

cells 


Transverse  section  through  the  spinal  cord  of  an  eight-day  chick.  Left,  nerve  cells ; 
right,  neuroglia  cells;  a and  h,  motor  cells;  c,  cells  of  lateral  columns  ; d and  e,  hecatero- 
meric  cells.  X 80. 


lower  down,  ddiusin  cross-sections  of  the  cord  the  fibres  enter- 
ing low  down  (e,  y.,  those  snpplying  the  lower  extremities  with 
sensory  nerves)  are  situated  always  near  the  septum  dorsale 
in  the  fasciciilus  gracilis  ; while  similar  fibres  for  the  iipper 
extremities  are  placed  qnite  laterally  in  the  fiisciciilus  cuneatus. 
A sli2:ht  addition  to  the  fibres  contained  in  the  dorsal  column 

c? 


is  aftbrded  by  axones  from  small  cells  on  the  dorsal  horn. 


n 


These  fibres  after  running  for  a short  distance  in  the  fasciciilus 
cuneatus  sink  into  the  gray  substance. 
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The  fibres  making  up  tlie  white  matter  are  medullatecl. 
They  all  lack  the  sheatli  of  Schwann,  and  in  conseqnence  of 
this  show  no  nodes  of  Hanvier  or  Segmentation.  Not  iintil  we 
reacli  the  roots  do  the  libres  show  a neurilemrna  and  nodes  of 
Ranvier.  In  observing  a cross-section  ot  the  cord  (I*ig.  ^lo), 
we  notice  a difference  in  thickness  in  the  libres.  In  the  fascic- 
nlns  cuneatus  and  the  fnnicnlns  ventralis  are  to  be  found  the 
lar2:est  libres  ; while  those  of  the  smallest  diameter  are  seen  in 
the  fascicnlus  gracilis  and  the  fnniculus  lateralis.  In  such  a 
section  it  is  to  be  noted  that  the  great  majority  ol  the  fibres  are 
cut  transversely — i.  e.,  they  run  parallel  to  tlie  long  axis  ol  the 
cord.  Diagonal  and  transverse  fibres  are  relatively  rare. 

The  supportin g framework  of  the  cord,  as  well  as  of  the 
whole  central  nervons  System,  consists  of  neuroglia.  This  is  of 
eclodermal  origin,  and  arises  in  a way  quite  similar  to  the  rest 
of  the  nervons  System.  In  the  study  of  neuroglia  there  are  to 
be  considered  the  neuroglia  cells  and  neuroglia  fibres  (glia  cells 
and  glia  fibres).  In  the  medulla  of  adults  we  find  glia  cells  of 
two  kinds,  the  so-called  ependyma  cells  and  the  astrocytes 
(Deiters’  cells). 

Ependyma  cells  are  cylindrical  cells  bordering  on  the  central 
canal.  They  form  either  a single  layer  or  are  arranged  in  two 
or  three  rows.  In  embryonic  life  these  cells  are  ciliated  on  the 
surface  toward  the  central  canal,  but  these  cilia  disappear  later  on. 
Toward  the  surface  of  the  cord  each  cell  sends  out  a long,  fili- 
form process  {ependyma  ^5rc),which  enters  the  gray  substance, 
and  in  the  embryo  reaches  the  surface.  In  post-embryonal 
life  the  ependyma  fibres  reach  the  periphery  of  the  cord  only 
in  the  region  of  the  septum  dorsale.  The  ependyma  cells  are 
phylogenetically  and  ontogenetically  the  oldest  neuroglia  cells, 
from  which  the  astrocytes  take  their  origin.  A part  of  the 
cells,  which  arise  by  division  of  the  ependyma  cells,  leave  the 
region  of  the  central  canal,  and,  moving  peri})heralward  in  the 
gray  and  white  matter,  become  astrocytes. 

The  astrocytes  are  small  nucleated  cells  containing  little 
protoplasm.  They  are  more  or  less  stellate  in  outline,  and 
owe  their  name  to  this  peculiarity.  According  to  the  length 
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ot  tlie  ])rocesses,  we  speak  of  astrocytes  witli  long  rays  or  short 
]‘ays. 

riie  ^lia  ßhres,  whicli  formerly  were  believed  to  be  cell 
processes,  are  to  be  considered  as  eiitirely  independent  ele- 
inents.  Tbey  react  to  certain  coloring  reagents  quite  differ- 
eiitly  froiii  tbe  cell  protoplasni  or  its  processes,  and  pass  tbrougb 
tbe  cell  body,  so  tbat  tbeir  coni*se  can  be  followed  iininter- 
rnptedly.  Tbey  nsually  riin  tbrougb  tbe  outer  layers  of  tbe 
cell  body  or  lie  on  tbe  cells.  Tliey  ai*e  probably  products 
of  tbe  cells  wliicli  bave  beconie  so  inucb  emancipated  from  tbe 
cell  body  tbat  soine  of  tbeni  seein  to  bave  no  definite  Con- 


nection witb  tbe  cell.  These  fibres  are  of  different  tbicknesses 
and  tonn  a dense  network.  A considerable  ao’Sfreo'ation  of 
nenroglia  is  found  aroiind  tbe  larger  nei've  cells,  in  tbe  region 
of  larger  vessels,  and  especially  around  tbe  central  caiial  {cen- 
tral (jlia-mass,  snhstantia  grisea  centralis).  It  also  occurs  on 
tbe  peripbery  of  tbe  cord  (superficial  glia  capsule). 

Conceiuiing  tbe  si^nificance  and  function  of  tbe  neuroalia, 
many  tbeories  bave  been  advanced.  According  to  Golgi,  tbe 
nem-oglia  serves  as  a sonrce  of  nonrisbnient  for  tbe  nerve  cells. 
Hainon  v Cajal  clainis  tbat  it  bas  an  insnlatino:  function  in 
Connection  witb  tbe  neurones.  Wei^-ert  considers  tbat  it  serves 
only  as  a supporting  tissue  to  fill  np  tbe  spaces  between  tbe 
neurones.  According  to  Iv.  Krause,  tbe  cells  and  fibres  form 
patbs  for  tbe  circulation  of  lympb. 


For  a detailed  description  of  tbe  medulla,  pons,  midbrain, 
and  tbe  bigber  centres,  tbe  reader  must  be  referred  to  special 
text-books  on  tbe  subject.^  In  tbe  space  at  our  disposal  only 
a brief  account  can  be  2;iven. 

o 

^ Barker,  L.  F.:  Nervoiis  System,  Appleton,  New  York,  1899. 

Fdinger : Bau  der  nervösen  Centralorgane,  Ijeipsic,  1893. 

V.  Kölliker:  Handbuch  d.  Gewebelehre,  Bd.  II.,  Leipsic,  1896. 

van  Gehnchten  : Anatomie  du  Systeme  nervenx  de  Fhomme,  Ivouvain,  1897. 
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B.  The  Medulla,  Pons,  and  Midbrain. 


The  brain-steiii,  C(3mprisii]g  tlie  medulla,  pous,  and  mid- 
braiii,  is  tlie  pasasge-way  betweeii  tlie  cord,  tlie  cerebellum,  and 
tlie  cerebrum ; and,  at  the  sanie  time,  a great  reflex  centre 
Avitli  its  own  nerves,  botli  motor  and  sensory.  It  will  be  con- 
sidered  linder  four  lieads  : (1)  the  tracts  that  connect  the  cord 
with  the  cerebrum  ; (2)  the  tracts  that  connect  the  cerebellum 
with  the  cord  and  the  brain  ; (3)  its  reflex  centres  ; and  (4) 
its  nerves. 


Group  1. — Two  tracts  connect  the  cord  with  the  brain,  a 
sensory  and  a motor.  The  latter  is  called  the  jyyrcuuidal  traci. 
The  sensory  patli  contains  a part  of  the  ventral  and  lateral 
columns  of  the  cord  and  almost  all  of  the  dorsal  colunins.  In 
enterin«:  the  medulla,  some  of  the  fibres  of  the  lateral  and 
ventro-lateral  columns  of  the  coi'd  curve  a little  dorsalward 
and  inward,  to  make  two  bands  of  fibres  that  pass  upward  in 
the  medulla  on  either  side  of  the  raphe.  These  two  bands 
are  the  sensory  path,  here  called  the  mterolivary  bündle. 
At  the  same  time  the  central  canal  of  the  cord  curves  dorsal- 
ward  and  opens  into  the  fourth  ventricle.  Tlie  roof  of  the 
fourth  ventricle  is  at  first  a thin  veil  of  tissue,  but  opposite 
the  jions  it  becomes  the  cerebellum  (Fig.  215).  Bv  this 
thinning  out  of  the  dorsal  wall  the  dorsal  columns  of  the  cord 
are  pushed  outward  to  end  in  the  two  nuclei  that  make  the 
prominences  on  the  surfiice  of  the  medulla  just  above  the  clava. 
From  these  nuclei,  which  represent  the  spinal  nerves,  as  well 
as  from  all  the  sensory  nuclei  of  the  medulla  and  the  pons, 
fibres  curve  across  the  brain-stem,  decussate  in  the  raphe,  and 
enter  the  sensory  tract.  These  fibres  are  called  the  internal 
areuaie  fibres. 

Throughout  the  medulla  the  two  bands  or  sheets  of  fibres 
forming  the  sensory  path  are  parallel.  In  passing  into  the 
pons,  however,  the  ventral  fibres  spread  out  like  a fan  into  a 
horizontal  sheet,  which  divides  the  pons  into  two  parts,  a 
dorsal  and  a ventral.  Here  the  bündle  is  called  the  medial 
lemmiscus.  In  entering  the  midbrain  the  sheet  curves  outward 
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ciiid  rotutos  pcirticilly,  so  tiuit  it  bGcomcs  obliqiiG.  In  tli6  mid- 
brain  tlie  pyramidal  tract  lies  external  and  ventral  to  tlie 
medial  lemniscus,  but  in  passing  upward  tbe  sensory  tract 
passes  in  front  of  tlie  pyramidal  tract,  and  tbe  two  bundles  to- 
getlier  make  tbe  internal  cajDsiile  wliicli  lies  just  external  to 
tbe  tbalamus  and  is  connected  witli  tbe  region  of  tbe  cortex 
around  tbe  fissure  ot  Rolando.  Tbe  form  of  tbe  sensory  tract 


is  empbasized,  because  all  tlie  otber  structures  are  related  to  it. 
In  tbe  medulla  it  is  tbe  medial,  vertical  sbeet ; opposite  tbe 
ventral  part  of  it  is  tbe  olive ; opposite  tbe  dorsal  part  of  it 
is  tbe  area  of  tbe  formatio  reticularis,  wliicli  contains  all  tlie 
nerves  of  tbe  region.  ln  tbe  pons  tlie  sensory  tract  forms 
a horizontal  sbeet.  Ventral  to  it  lie  tbe  pontal  nuclei;  wliile 
dorsal  to  it  lie  tbe  formatio  reticularis  and  tlie  nerves. 


In  tbe  niidbrain  tbe  sensory  tract  is  an  oblique  sbeet.  It 
lies  between  tbe  red  nucleus  and  tbe  formatio  reticularis  on 
tbe  inside,  and  tbe  ])yramidal  tract  on  tlie  outside. 

The  jiyramidal  tracts  Start  froni  tbe  cerebral  cortex  around 
tlie  fissure  of  Kolando,  and  ])ass  down  ward  in  tbe  posterior  part 
of  tbe  internal  capsule  into  tbe  peduncle  or  midbrain.  Here 
tbe  tract  is  a compact  band  of  fibres  external  to  tbe  medial 
leniniscus.  It  passes  into  tbe  venti*al  part  of  tlie  pons,  wbere 
it  is  broken  into  small  bundles  by  tbe  cells  of  tbe  pontal  nuclei. 
In  entering  tbe  medulla,  tbese  bundles  collect  into  a tract 
tliat  passes  to  tbe  cord  just  ventral  to  tlie  interolivary  bündle. 
At  tbe  lower  end  of  tbe  medulla  tbese  fibres  decussate  in  tlie 
raplie.  Part  of  tliem  enter  tbe  ventral  columns  of  tbe  cord, 
part  cut  tbrougb  tbe  ventral  born  and  enter  tlie  lateral  col- 
um  ns.  In  tbe  brain-stem,  fibres  leave  tbe  pyramidal  tract, 
decussate  in  small  bundles  or  as  single  fibres,  and  enter  tlie 
niotor  nuclei. 


Group  2. — The  cerebellum  bas  tliree  peduncles — inferior, 
middle,  and  superior.  Tbe  inferior  receives  fibres  from  tbe 
cord  and  tbe  medulla.  Tbe  direct  cerebellar  tract,  wliicli  is  a 
narrow  band  on  tbe  surface  of  tlie  cord,  becomes  a compact 
bündle  in  entering  tbe  medulla,  and  receives  a group  of  fibres 
from  tbe  dorsal  columns  of  tlie  cord  (Pig.  215).  These  fibres. 
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too’ether  witli  buiulles  from  tlie  olive  and  tlie  vestibulär  riuclei, 
inake  tlie  iiiferioi*  jieduncle.  It  passes  iipvvard  oii  the  surface 
of  the  medulla,  between  the  coehlear  and  vestibulär  nuclei,  to 
the  lower  eiid  of  the  pons,  where  it  turiis  dorsalward,  enters 
the  cerebellnm,  and  decussates  in  the  roof  ot  the  fourth  veii- 
tricle.  lii  passiiig  dorsal  ward  it  lies  just  outside  the  dentate 
iiucleus,  which  receives  tlie  superior  peduiicle.  The  sii[)erior 
peduucle  Starts  in  the  red  nucleus.  Its  fibres  decussate  in  the 
dorsal  part  of  the  pons,  and  enter  the  cerebelluni  just  internal 
to  the  inferior  pednnele.  The  libres  of  the  middle  peduncle 
come  from  the  pontal  nuclei.  They  decussate  in  the  pons 
and  enter  the  cerebellnm  external  to  the  inferior  peduncle. 

Group  3. — In  the  coial  the  gray  matter  between  the  two 
horns  is  much  broken  by  fibres,  and  is  called  the  formatio 
reticularis.  It  is  a refiex  centre.  In  the  brain-stem  it  is 
greatly  developed.  It  occnpies  the  dorsal  half  of  each  region. 
It  contains  countless  cells  and  fibres.  The  fibres  are  either 
scattered  or  in  more  or  less  definite  bundles.  One  short  patli 
hn  the  brain-stem  is  very  distinct,  the  posterior  longitudinal 
bündle.  It  receives  fibres  from  the  ventral  column  of  the  cord 
and  lies  just  ventral  to  the  central  canal  throughout  the  brain- 
stem.  It  receives  descending  fibres  from  the  midbrain. 

Group  4. — The  nuclei  of  the  motor  cerebral  nerves  are  de- 
rived  from  the  ventral  horn  ; of  the  sensory,  in  part  from  the 
dorsal  horn.  Of  the  motor  nuclei  (Fig.  217),  fonr  lie  near  the 
raphe  just  ventral  to  the  central  canal.  They  are  the  hypoglossal 
in  the  medulla,  the  abducens  in  the  pons,  and  the  trochlear  and 
oculomotor  in  the  midbrain.  The  fibres  of  all  tliese  nerves, 
except  the  trochlear,  pass  ventralward  and  emerge  near  the 
median  line.  The  fibres  of  tlie  trochlear  nerve  pass  dorsal- 
ward, decussate  in  the  velum,  and  pass  out  near  the  median 
line.  The  other  four  motor  nerves,  the  spinal  accessory,  the 
glossopharyngeal  and  vagns  together,  in  the  medulla,  the 
facial  and  the  trigeminal  in  the  pons,  lie  farther  lateral  and 
ventral.  The  fibi  'es  of  all  these  nerves,  except  the  trigeminal, 
pass  inward  toward  the  central  canal,  there  turn  ontward  and 
ventralward  to  emerge  on  the  ventral  surface  in  a lateral  line. 

19 
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'I'he  iil)ies  of  tlie  trigeiiiinal  pasa  directly  to  a surfaee  origiii 
in  the  lateral  liiie. 

Tlie  seusory  iiuclei  (Fig.  21())  represeiit  the  dorsal  liorn,  and 
lie  for  the  niost  part  in  the  dorsal  part  of  the  niedulla  and  pons. 
The  type  of  a sensoiy  nerve  in  this  region  is  to  divide  into  a long 
descending  and  a short  ascending  tract,  each  of  which  is  accom- 
])anied  by  a nneleiis.  The  long  descending  tract  of  the  glosso- 
pharyngeal  and  vagns  is  the  tractus  solitarius,  which  lies  in  the 
border  of  the  eentrai  gray  niatter  of  the  lower  half  of  the 
niedulla.  Jt  has  its  own  nucleus.  I\irallel  and  just  internal 
to  it  is  anothei’  long  nucleus,  the  ala  cinerea,  belonging  to  the 
saine  nerves. 


The  tracts  of  the  vestibulär  and  trigeminal  nerves  are  par- 
allel, the  fornier  lying  just  dorsal  to  the  latter  (Fig.  21G). 
1 he  descending  tract  of  the  vestibulär  nei’ve  is  in  the  medulla, 
while  the  ascending  tract  enters  the  pons.  The  cells  which 
accompany  these  two  ti’acts  have  received  three  names : those 
opposite  the  descending  fibres  are  called  the  median  micletis  ; 
those  op|)Osiie  the  ascending  libres,  the  superlor  nucleus  ; while 
a small  group  of  cells  in  tlie  angle  of  the  two  ti’acts  inakes  the 
lateral  nucleus.  The  laternl  nucleus  ])laces  the  nerve  in  com- 
inunication  with  the  cerebellum.  The  triireminal  tract  is  Ion«', 
covering  half  of  the  ])ons  and  idl  of  the  niedulla.  The  descend- 
ing tract  joins  with  Lissauei*’s  zone  in  the  cord,  and  its  nucleus 
joins  the  jiosterior  horn.  Lissauer’s  zone  is  external  to  the 
substantia  «elatinosa  of  Ivolando.  The  ascendin«'  fibres  end  in 
the  main  sensorv  nucleus. 


The  cochlear  nerve  has  no  descending  tract,  but  a long  and 
coniplex  ascending  one.  Tts  fibres  end  in  a nucleus  on  the 
lateral  surface  of  the  medulla  (Fig.  215).  Part  of  the  fibres 
pass  inward,  dorsal  to  the  inferior  ]ieduncle,  and  decussate  in 
tlie  fioor  of  the  fourth  ventricle  as  the  strise  acusticm ; others 
pass  ventral  to  the  peduncle  as  n conpiact  bündle,  which,  as  it 
decussates,  forms  the  trapezoid  body.  The  filires  of  the  trape- 
zoid  body  and  tlie  striae  acusticae  make  the  lateral  lemniscus, 
which  passes  iipward  and  dorsalward  through  the  pons  to  the 
inferior  colliculus,  Here  many  fibres  end  ; others  ]iass  to  the 
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cortex  of  tlie  temporal  lobe  tlirougli  tlie  medial  geniculate 
body  and  tlie  internal  capsiile. 

The  sensory  patli  of  tlie  facial  nerve — that  is,  tlie  pars  inter- 
medius — is  not  known. 

The  fibi  •es  of  the  optic  nerve  enter  the  brain  in  the  region 
of  the  thalanins.  A part  of  the  fibres  pass  downward  into  the 
border  of  the  snperior  colliculus;  the  rest  enter  the  internal 
eapsule  just  posterior  to  the  pyramidal  tract  fibres  and  pass  out 
to  the  occi})ital  lobe.  The  fibres  of  the  olfactory  nerve  have  no 
direct  connection  with  the  brain-steni.  They  enter  the  olfac- 
tory bulb,  beneath  the  frontal  lobe,  and  pass  to  the  cortex  of 
the  frontal  and  temporal  lobes. 

Only  a small  part  of  the  cortex  of  the  brain  represents  the 
nerves  of  the  body.  ln  general,  the  area  around  the  fissure  of 
Rolando  receives  sensory  impressions  from  the  entire  body  and 
sends  out  the  fibres  of  voluntary  control.  The  special  senses 
are  represented  as  follows  : sight,  in  a small  part  of  the  occipital 
lobe;  hearing,  in  a part  of  the  temporal  lobe;  and  sniell,  in  a 
part  of  the  temporal  and  frontal  lobes.  All  the  rest  of  the 
cortex  is  the  “great  silent  area,”  or  the  association  centres  of 
the  brain.  These  areas  are  connected  richly  by  fibres  both 
with  the  same  side  and  with  the  o])posite  side  of  the  brain. 
These  are  the  association  paths  which  niake  the  brain  the  organ 
of  thought. 


C.  Cerebral  Cortex. 

The  cerebral  cortex  shows  certain  differences  in  structure  in 
different  regions,  into  the  details  of  which  we  cannot  here  enter. 
All  regions  have  a structure  which  conforms  to  one  type,  which 
will  be  described.  The  cortex  consists  of  gray  substance  in 
which  foiir  layers  can  be  recognized.  These  pass  over  into 
one  another  withoiit  sharp  boundaries  (Figs.  218  and  219). 
ßeginning  at  theoutside,  we  meet  with  the  following  structures  : 
1.  -The  Molecular  Lay  er  {Stratmn  Zonale^. — This  is  a layer 
which  is  poor  in  cells,  but  shows  a finely  granulär  and  reticular 
structure.  This  is  due  partly  to  the  interlacing  dendrites  and 
axonesof  nerve  cells  whose  bodies  are  situated  more  deeply,  but 
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iiiaiiily  to  nerve  fibres  lying  parallel  to  the  surfaee,  tlie  so-called 
tungenticil  fiJ)ves.  lii  this  layer  we  find  tlie  cells  of  Üajal,  wliicli 
are  spindle-öliaped,  pyramidal,  or  stellate  cells,  wliose  processes 
riin  horizontally  in  every  direction,  giving  ofi'  fibres  to  the  sur- 
face  ot  the  cortex.  These  are  considered  generally  as  nerve  cells. 

2.  Small  Pyramidal  Cell  Layer. — This  zone  owes  its  na  nie 
to  the  tact  that  it  is  made  np  of  eornpai-atively  small  cells  of  a 
pyramidal  form,  so  arranged  that  the  apices  are  directed  toward 
the  snrtace  ol  the  cortex,  and  the  bases  in  the  opposite  direction. 
Fig.  (19  represents  such  a cell  and  illiistrates  the  relation  of 
the  axone  and  dendrites  to  the  cell  body.  From  the  apex  of  the 
cell  the  main  dendrite  proceeds  toward  the  surfaee  of  the 
cortex,  passing  through  almost  the  entire  thickness  of  the 
molecular  layer.  Throughout  its  course  it  gives  olf  numerous 
side  branches,  and  ends  freelv  after  manv  arborizations  in  the 
outer  part  of  the  molecular  layer.  Other  smaller  dendrites 
]>roceed  from  the  lateral  and  basal  parts  of  the  cell.  The 
axone  usually  emerges  from  the  middle  of  the  basal  surfaee, 
and  runs  toward  the  medullary  substance.  It  gives  off  many 
collaterals  on  the  way  which  run  parallel  to  the  surfaee. 

3.  Larye  Pyv((midal  Cell  Layer. — This  is  made  up  of  cells 
quite  similar  in  general  form  to  those  of  the  layer  just  de- 
scribed.  They  are,  however,  mucli  larger,  especially  in  the 
motor  area  of  the  cortex.  The  axones  of  these  cells  in  part 
enter  the  pyramidal  tracts  of  the  cord. 

4.  Layer  of  Polymorplwus  Cells. — In  this  layer  we  find 
polygonal  cells,  which  give  ofi'  dendrites,  and  send  axones  into 
the  white  matter.  There  are  found  also  spindle-shaped  cells 
in  this  region.  These  cells,  which  are  typical  for  individual 
layers,  and  send  their  axones  far  beyond  the  cortex,  are  known 
as  Golyi  eells  type  L.  In  addition  there  are  numerous  cells 
whose  axones  never  reach  outside  the  limits  of  the  cortex,  and 
end  not  far  from  the  cell  body.  These  are  known  as  Golyi 
cells  type  II.  Some  of  these  cells  send  their  axones  toward  the 
molecular  layer,  instead  of  toward  the  white  matter,  and  are 
known  then  as  cells  of  Martmotti. 

The  various  layers  are  made  up  not  only  of  cells,  but  contain 
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also  networks  of  rnedullated  nerve  iibres.  A part  ot  tiiese  tibres 
riin  at  right  angles,  while  otliers  lie  parallel  to  tliesnrfaee.  Ainong 
tlie  former  are  the  axones  derived  from  tlie  pji’arnidal  cells, 
as  well  as  those  fibres  proceeding  to  tlie  eortex  from  lower  down 
in  the  central  nervous  svstem.  These  fibres  rnn  in  bnndles 
through  the  third  and  foiirth  layers  np  to  the  layer  ot  small 
pyramidal  cells.  They  form  the  so-ealled  radial  hundles. 
The  Strands  of  fibres  rnnning  parallel  to  the  surtace  are  de- 
rived from  many  soiirces.  The  outermost  forming  the  tangen- 
tial fibres,  and  those  contained  in  the  small  ]yyramidal  cell 
layer,  as  well  as  those  belonging  to  the  so-called  supraradial 
nehüork,  represent  largely  the  side  branches  of  fibres  rnnning 
from  below  np  to  the  brain  suidace. 

The  deeper  fibres  cross  the  radial  bnndles  and  form  the 
so-called  interradial  Imndles.  Some  of  these  riin  in  the  larsfe 
pyramidal  cell  layers,  and  form  there  the  horizontal  fibre  tracts 
of  Gennari  or  Eaillargei*.  The  fibres  of  the  interradial  netwoiT 
are  formed  from  collaterals  of  axones  of  the  pyramidal  cells. 

The  neuroglia  distributed  unequally  in  the  different  layers 
of  the  brain  consists  of  two  elements,  the  sflia  cells  and  ofiia 
fibres.  By  means  of  the  Golgi  method  the  following  forms 
of  glia  cells  have  been  made  ont : short-rayed  cells  (Fig.  219, 
GU),  which  lie  in  the  gray  matter  and  jiossess  mnch-branched 
processes  ; long-rayed  cells  (GI3),  which  lie  mainly  in  the  white 
matter  and  possess  fine  processes  branched  only  slightly  ; and 


arhorescent  cells  (Gb),  which  lie  at  the  siirfitce  of  the  eortex 
and  send  their  processes  oiitward. 

Weigert’s  method  which  gives  a special  dififerentiation  to  the 
glia  fibres,  shows  in  the  onter  layer  of  the  eortex  a thick  corti- 
cal  sheath,  composed  of  a rieh  tangentically  jdaced  plexns  of 
glia  fibres  ln  the  deeper  layers  of  the  eortex  the  glia  fibres 
are  not  so  abundant,  while  in  the  medullary  substance  they 
form  again  a dense  network. 


D.  Cerebellum. 

The  layers  of  the  cerebellum  are  marked  off  much  more 
sharply  from  one  another  than  those  of  the  eerebrum  (Figs. 
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1220  and  221).  Tliree  inain  layers  can  be  distinguished,  namely, 
the  granulär,  ganglionic,  and  molecular. 

1.  The  granulär  layer  lies  immediately  ori  the  medullarv 
substanee.  In  it  there  are  to  be  seen  two  kinds  of  cells : {a) 


small  granulär  cells  and  (/>)  large  granulär  cells. 

(a)  The  small  granulär  cells  form  the  greater  proportion  of 
this  layer.  They  are  very  small  mnltipolar  nerve  cells,  which 


Fig.  222. 
Th 


Diagrammatic  representation  of  a longitudinal  section  throngh  a convolution  of  the 
cerebellar  cortex.  (After  v.  Kölliker.)  R,  Purkinje’s  cells;  p,  axone  of  cell  of  Purkinje; 
K,  granulär  cell ; «,  axone  of  a granulär  cell ; Th,  place  of  division  of  axone  of  granulär  cell. 


give  off  an  axone  and  a few  dendrites  ending  in  claw-like  arbor- 
izations.  The  axone  runs  oiitward  at  right  angles  to  the  siir- 
face  and  divides  in  the  outer  layer  of  gray  matter  like  the 
letter  T.  The  two  branches  rnn  parallel  to  the  snrface  of  the 
cortex  and  to  the  long  axis  of  the  convolution,  and  end  freely. 
This  is  shown  in  Figs.  221  and  222. 
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Fig.  220. — Part  of  a perpeiidicnlar  secti(jii  tlirongli  the  adult  human  cerehellar 
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I\  I’nrkiiije’s  cells ; p,  axones  of  l*iirkinjc's  cells  witli  retiiniinj^  (‘ollatenils  ; A7>^,  l)askct 
(teils;  A'/y,  baskets  which  surround  the  bodies  of  the  Purkinjc’s  cells;  7\'.  small  ijmmilar  c«‘lls, 
whose  axones  i)enetrate  tlie  molecular  layer  and  tben  a])iiear  in  cross-section  as  fine  dots;  ih'K. 
larj^e  ^^ramilar  cells;  m,  small  cells  of  the  molecnlar  layer;  ]\[f,  mossy  fibres;  W\,  lilia  cells 
<tf  the  mob'cnlar  layer  ; (ih,  short-rayed  cells;  (rh.  long-rayed  cells. 


VEREBELL  UM. 
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(b)  The  large  granulär  cells  are  large  inulti[)olar  cells  wliose 
(lendrites  aiul  axones  ruii  in  qnite  tlie  opposite  direction  to  tliat 
taken  by  tlie  processes  of  tlie  sniall  granulär  cells.  1 he  axone^ 
extends  in  the  granulär  layer  toward  the  rnedullary  substance, 
giving  off  nnmerous  collaterals  which  end  aronnd  the  srnall 
o;rannlar  cells.  The  dendrites  rnn,  on  the  contrary,  into 

O 

the  molecnlar  layer  (Figs.  220  and  221 ). 

In  the  granulär  layer  we  ßnd  hetween  the  cells  descrihed 
a network  of  mednlated  ßbres  which  pass  throngh  the  layer, 
partly  froin  the  white  substance  outward,  and  partly  from  the 
cells  of  the  ganglionic  layer  to  the  inednlla. 

2.  The  middle  or  ganglionic  layer  is  inade  up  ol  the  so- 
called  cells  of  Ihirkvnje.  These  are  arranged  in  a single  layer. 
Fach  cell  consists  of  a large  pyriforin  cell  body  giving  off  one 
or  two  dendrites  in  the  direction  of  the  molecnlar  layer.  These 
dendrites  break  np  into  nnmerous  branches  which  reach  almost 
to  the  surtace  of  the  cortex.  They  resemble  a very  richly 
branched  tree,  whose  branches  spread  out  in  a single  plane  at 
right  angles  to  the  long  axis  of  the  cerebelkir  convolutions. 
Thus  in  a cross-section  of  the  convolntion  the'\vhole  extent  of 
the  arborization  may  be  seen,  while  in  a longitudinal  section 
this  is  not  the  case  (cf.  Figs.  221  and  222).  The  profiige 
branchin«:  and  o-eneral  relations  of  these  cells  can  be  made  ont 
especially  well  in  Golgi  preparations. 

The  axone  which  emerges  from  the  o])posite  side  of  the  cell 
runs  in  the  rnedullary  substance,  and  sends  ont  collaterals  in 
its  conrse  throngh  the  granulär  layers,  which  brauch  and  rnn 
back  in  part  to  the  molecnlar  layer  CFi«.  221). 

3.  The  ontermost,  so-calledo^o/^^cY/Zr//*  layer,  shows  two  kinds 
of  nerve  cells:  large  cells  lying  in  ihe  deeper  layers,  and  small 
cells  more  super licially  sitnated.  The  former  are  mnltipolar 
cells  with  many  dendrites  directed  mainly  toward  the  periphery, 
and  an  axone  rnnnino;  transverselv  to  the  lono^  axis  of  the  con- 
volution.  The  axone  lies  ]xirallel  to  the  liorder  hetween  the 
granulär  and  the  molecnlar  lavers,  and  «ives  off  at  intervals 
many  branches  which  snrronnd  the  bodies  of  the  Purkinje 
cells  in  a sort  of  basket-work.  One  axone  thus  joins  together 
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several  cells  of  Purkinje.  The  snialler  eells  are  inultipolar, 
lind  lie  in  tlie  onter  part  of  tlie  molecular  layer. 

Besides  tliese  nerve-cells  wliich  \ve  have  described,  there  are 
in  the  cortex  of  tlie  eerebellum  nerve  übres  wbieb  are  for  tbe 
inost  part  medullated  and  extend  into  tbe  wbite  substance. 

' Tlie  ivhite  mhstance  or  medulla  of  tlie  eerebellum  consists 
of  medullated  nerve  fibi’es.  Tbe  bundles  are  made  up  of  axones 
from  tbe  Purkinje  cells,  as  well  as  übres  wbieb  arise  from  cells 
in  otber  parts  of  tbe  nervous  System,  and  enter  tbe  eerebellum 
tbrougb  one  of  tbe  tliree  peduncles.  Certain  special  übres  bave 
beeil  described  by  Kamon  y Cajal  as  mossy ßhres.  These  seem, 
bowever,  to  rejiresent  only  a stage  in  tbe  life  of  otber  cells  in 
tbe  granulär  layer.  At  tbeir  ends  and  wbere  division  takes 
place  tbere  are  mossy  swellings. 

Tbe  neuroglia  is  studied  best  in  Golgi  preparations.  Tbe 
elenients  are  quite  siniilar  to  tbose  of  tbe  cerebrum.  Tbe  ar- 
borescent  cells  are  situated  witb  tbe  cell  body  between  tbe  grau- 
ular  and  molecular  biyers.  Tbe  cells  witb  long  rays  are  found 
especially  in  tbe  wbite  matter  (Fig.  221);  wbile  tbose  witb 
short  rays  occur  in  tbe  gray  substance. 

By  AVeigert’s  nietbod  we  learn  tbat  tbe  glia  übres  do  not 
form  a dense  network  in  tbe  outer  layers,  as  in  tbe  spinal  cord 
and  cerebrum.  On  tbe  contrary,  we  ünd  in  tbe  molecular  layer 
1‘adial  übres  running  from  tbe  surlace  into  tbe  deeper  parts. 
Only  a few  transverse  übres  occur,  wbieb  often  in  tbe  region 
of  Purkinje’s  cells  form  a somewbat  tbick  plexus.  In  tbe  gran- 
ulär layers  tbe  glia  übres  are  very  scarce,  wbile  in  tbe  med- 
ullary  substance  tbey  form  a rieb  neuroglia  network. 

E.  Membranes  Covering  the  Central  Nervous  System  (Meninges). 

■ Enclosing  tbe  braiii  and  spinal  cord  tbere  ai*e  tliree  mem- 
branes i tbe  outermost,  known  as  tbe  duvci  viatcv  j tbe  middle, 
tbe  arachnoklea  ; and  tbe  innermost,  tbe^m  viater. 

Tbe  dura  mater  spmalis  is  a membrane  made  up  of  con- 
nective-tissue  bundles  containing  üne  elastic  übres.  Botb 
surfaces  are  covered  witb  a layer  of  endothelial  cells. 

• Tbe  dura  mater  eerebraiis  is  made  up  of  two  layers,  an  inner 
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one  wliich  in  nll  respeets  i*esembles  tlie  dura  inater  sj)inaliö,  and 
an  onter  one  vvhicli  lines  tlie  inner  siirface  of  tlie  skull  like  a 
])eriüsteuni.  In  the  latter  layer  there  are  tvvo  slieatlis  of  lihres 
crossino;  one  anotlier.  Accordiiui^  to  Luschka,  the  inner  sur- 
face  of  the  dura  niatei*  cerebralis  is  covered  with  a double  layer 
of  fiattened  epitbeliuni.  The  dura  inater  is  ])ooi*  in  blood- 
vessels,  with  the  exception  of  the  outer  layei'  of  the  dura  inater 
cerebralis,  which  contains  numerous  vessels  and  sends  oTinany 
to  the  bones  of  the  skull.  According  to  sonie  authors,  the 
spaces  which  can  be  injected  in  the  dura  are  to  be  considei-ed 
as  lynipli-channels  in  coninumication  with  the  subdural  sjiace, 
and  lined  ])artly  with  endotheliuin. 

The  dura  mater  cerebralis  contains  inanv  nerves  which  end 
partly  in  the  dura  itself  and  partly  in  the  vessels.  Those 
ending  in  tlie  dura  {riervi  Up  into  numerous 

branches,  which  terminate  between  the  endothelial  cells  on 
the  inner  snrface  of  the  dura  by  means  of  bulba.r  thickenings. 

The  aracJmoidea  is  a tliin  mein  braue  made  up  of  connective- 
tissue  bundles  joined  together  in  a net-like  structure.  It  con- 
tains numerous  elastic  fibres,  and  is  clothed  on  both  sides  bv  a 

% 

layer  of  endothelial  cells.  Fi*om  its  inner  surface  it  sends  off 
many  connective-tissue  Strands,  which  pass  through  the  sub- 
arachnoidal space  to  join  with  the  pia  mater.  These  also  are 
covered  by  endothelium.  There  are  to  be  found  in  the  arach- 
noidea  neither  vessels  nor  nerves.  In  certain  places  [e.  g.,  on 
both  sides  of  the  sinus  sagittalis  snperior)  there  are  on  the  outer 
surface  of  the  arachnoidea  non-vasculai‘  villus-like  outo'rowths 
which  bulge  out  the  thin  inner  laraella  of  the  dura  and  project 
into  the  venous  sinuses.  These  are  the  so-called  Poc(diioni<(n 
hodies  or  graimlationes  arachnoidales  (Pacchioni). 

The  pia  mater  is  a very  thin  membrane  made  up  of  fine  con- 
nective  tissue.  It  covers  the  whole  brain  and  spinal  cord,  and 
follows  all  the  sulci  and  down-dippings  of  the  surface.  In  the 
cord  it  forms  the  septum  longitudinale  ventrale.  There  are  to 
be  distinguished  in  the  pia  mater  of  the  spinal  cord  two  layers  : 
the  outer  one  resembling  the  arachnoidea  in  structure,  and  join- 
ing  with  the  connective-tissue  Strands  passing  across  the  snb- 
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araclinoidal  s})ace.  The  inner  layer  (intima  pia)  a tliin 
inembrane  niade  np  of  connective-tissue  bundles  riinning  cir- 
cnlarly. 

The  pia  niater  of  the  brain  resembles  the  intima  pia  of 
the  spinal  cord. 

The  pia  niater  contains  inany  vessels,  partly  belongi ng  to 
itself  ( plexiis  chorioideus)  and  partly  derived  from  those  wliich 
enter  the  brain  and  cord.  The  vessels  of  the  pia  mater  spinalis 
run  between  the  two  layers. 

iSiinierons  fine  nerve  branches,  partly  from  the  sympathetic 
System  and  partly  from  cerebi'o-spinal  nerves,  enter  the  pia 
mater,  to  supply  the  vessel  walls.  They  pass  into  the  cord  and 
brain  together  with  the  vessels. 

The  tel(ß  chorioidece  and  plexus  chorioidei  are  structures 
vvhicli  are  formed  from  the  pia  mater  and  ventricular  epi- 
thelium.  They  consist  of  a connective-tissue  membrane  which 
contains  many  blood-vessels,  and  is  covered  by  a Jayer  of  cub- 
ical  epithelium.  The  layer  represents  the  much-thinned  brain 
wall,  and  in  the  embryo  consists  of  ciliated  cells.  The  plexuses 
contain  no  nerves. 


F.  Blood-vessels  of  the  Central  Nervous  System. 

The  blood-vessels  of  the  spinal  cord  have  the  following 
relation,  according  to  the  work  of  H.  Kadyi : The  arterial 

stems  rnnnino;  alons:  the  nerve  roots  (arteries  of  the  ventral 
and  dorsal  roots)  brauch  many  times  in  the  pia  mater  and 
join  with  one  another  by  nnmeroiis  anastomoses.  There  can 
be  distingiiished  nine  longitudinally  disposed  lines  of  anasto- 
niosis,  of  which  the  ventral  nnpaired  one  is  the  greatest  and  is 
in  Connection  with  the  arteria  spinalis  ventralis.  From  this  a 
series  of  arterial  branches  proceed  with  the  pia  into  the  fissura 
mediana  ventralis,  giving  off  side  branches  right  and  left  into 
the  colnmn  of  gray  matter  {central  arteries).  From  other  parts 
of  the  arterial  network  of  the  pia  mater  nnmerous  fine  branches 
enter  the  white  matter  {peripheral  arteries),  and  extend  as  fiir  as 
the  gray  matter.  The  central  and  peripheral  arteries  do  not  anas- 
tomose  with  one  another,  but  are  what  Cohnheim  termed  end- 
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Fig.  224. — Section  tlirough  tlie  cerebellar  cortex  of  a guinea-pig  ; 
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arteries.  • The  ca|)illaries  of  the  cord  everywliere  form  networks 
witli  meslies  somewhat  lengtliened  in  the  directiori  of  the  long 
axis  of  the  cord.  In  the  white  matter  the  ca])illary  network 
is  mucii  less  abundant  than  in  the  gray  matter,  where  it  is 
richest  in  the  region  of  the  cell  groups. 

The  vei7is  of  the  spinal  cord  follow  the  course  taken  by  the 
arteries.  The  central  veins  are  relatively  small  in  relation  to 
the  central  arteries,  and  are  connected  with  the  peripheral  veins 
by  various  well-developed  anastomoses.  On  the  dorsal  surface 
of  the  cord  there  are  found  miich  larger  venons  networks  than 
on  the  ventral  side.  From  the  venons  plexuses  of  the  pia 
rnater  the  blood  reaches  the  oiitside  through  the  veins  of  the 
ventral  and  dorsal  roots. 

In  the  cerehrum  and  ce^'ehellum  we  meet  with  a dense  capil- 
lary  network  around  the  cell  gronps  of  the  cortex  (Figs.  228 
and  224).  In  the  cortex  the  arteries  break  uj)  into  a fine  capil- 
lary  network,  which  in  the  medullary  substance  becomes 
coarser.  The  meshes  of  the  network  run  in  the  direction  of 
the  nerve  fibres. 

The  subdural  and  subarachnoidal  spaces  must  be  considered 
as  ly  mph  spaces.  It  is  believed  also  that  they  are  in  coniniu- 
nication  with  the  lymph-vessels  of  the  nasal  mucous  membrane, 
and  those  of  the  peripheral  nerves.  iSA\  the  blood-vessels  of 
the  central  nervous  System  are  surrounded  by  a pe?'ivascula7' 
space  which  is  to  be  regarded  as  a lymph  space. 

2.  PERIPHERAL  NERVOUS  SYSTEM. 

A.  Nerves. 

The  cerebro-spinal  nerves  consist  almost  entirelv  of  medul- 

*/ 

lated  nerve  fibres,  which  always  are  joined  together  into  bundles 
by  a loose  connective  tissue.  In  this  connective  tissue  there 
can  be  distinguished  a layer  which  surrounds  tlie  whole  nerve. 
This  is  known  as  the  epineurium  (Fig.  225).  From  this  there 
run  into  the  interior  of  the  nerves  connective-tissue  Strands 
between  the  so-called  secondary  bundles  of  nerve-fibres.  These 
Strands  are  arranged  around  the  secondary  bundles  in  concen- 
tric  lamellae,  which  vary  in  thickness  with  the  size  of  the 
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bündle,  and  are  lined  oii  tlie  inner  snrface  witli  a layer  of  flat 
eells,  wliose  ontlines  ean  be  well  niade  out  in  silver  nitrate 
])reparations.  This  connective  tissne  separating  tlie  individual 
bundles  is  known  as  tlie  (Fig.  225).  From  it 
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Part  of  a traiisverse  section  of  thc  human  nervus  tibialis  auticus.  X 76. 


connective-tissue  septa  ruii  into  tlie  iiiterior  of  tlie  bundles  of 
nerve  fibres,  forniing  tlie  so-called  endoneurium.  Tliis  tissne 
surrounds  small  bundles  of  flbres  (primary  bundles),  and  gives 
origin  to  tlie  endoneiiral  sheath  (Henle’s  slieatli)  of  the  indi- 
vidual fibres.  The  ejiineurium  and  perineurium  contain,  as 
opposed  to  tlie  endoneurium,  flit  cells  and  elastic  flbres. 

As  tlie  nerve  approaclies  its  termination,  it  breaks  up  into 
fine  branclies.  Tliose  made  up  of  a simple  bündle  are  sur- 
rounded  by  a lamellated  slieatli.  Fibres  wliieli  are  not  joined 
to  form  bundles  possess  only  Heiile’s  slieatli. 

The  mjmpaihetic  nerves  consist  for  the  most  part  of  non- 
medullated  fibres,  although  a certain  number  of  medullated 
fibres  may  also  be  present.  They  are  gi’ouped  together  in 
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bundles,  separated  by  coiiiiective  tissue.  The  latter  brings  witli 
it  tlie  blood-vessels,  wliich  break  iip  iiito  capillary  iietvvorks  in 
the  periiieiirium  and  endoneuriurn.  We  find  in  tlie  bnndleH 
of  nerve  fibres  no  true  lyniph-vesselH.  The  lyni|)li  passes 
between  the  individual  nerve  fibres  and  in  s[)aces  between  the 
lamellse  of  the  perineiirium.  Nervi  nervorum  are  present  in 
the  nerve  stems,  and  end  partly  in  the  vessels  and  partly  in 
the  connective  tissue. 


B.  Ganglia. 

By  a ganglion,  we  rnean  a hu'ger  or  smaller  collection  of 
nerve  cells  {gangUon  celU)  lyiog  outside  the  central  nervous 
System  in  the  course  of  a peripheral  nerve.  Tt  contains  groups 
of  «:an2:lion  cells  and  bundles  of  nerve  fibres  which  run  both 
to  and  from  the  ganglion.  The  connective-tissue  perineurium 
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From  a transverse  section  of  a spinal  ganglion  of  a rabbit.  X 400. 


of  the  nerve  bundles  passes  over  into  the  ganglion,  carrying 
blood-vessels  between  the  ganglion  cells.  Numerous  capil- 

laries,  formed  from  the  breaking  up  of  the  arteries,  surround 
the  individual  cells. 
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We  recogiiize  two  types  of  gaiiglia:  tlie  spinal  ganglion  type 
and  the  sympatlietic  ganyUon  type. 

Tlie  spinal  ganglia  contaiii  in  the  lower  vertebrates  (fislies) 
and  in  the  enibryos  of  higher  vertebrates  bipolar  cells ; while 
in  the  adnlt  of  the  latter  dass  the  cells  are  alniost  all  unipolar. 
The  cell  body  is  usually  large  (40-70  g in  diameter),  and  con- 
tains  a vesicular  niicleus  with  a distinct  nucleolus  (Fig.  226). 
Yellowish-brown  pigment  granules  are  also  often  found. 
There  is  always  jiresent  a nucleated  capsule  around  the  cells, 
which  is  probably  only  a continuation  of  Schwann’s  sheath. 
It  is  inade  up  of  a single  layer  of  flat  connective-tissue  cells 
(Fig.  226). 

The  relations  of  the  ]>rocesses  of  these  cells  and  their 
branches  have  been  investigated  in  recent  years  by  Kamon  y 
Oajal,  Dogiel,  and  others.  According  to  the  results  of  this 
Work,  we  caii  distinguish  in  the  spinal  ganglion  two  kinds  of 
ganglion  cells:  one  in  which  the  cell  process  divides  like  the 
letter  T or  Y into  two  or  three  branches,  which  run  in  oppo- 
site  directions.  These  branches  are  niedullated,  and  run  for 
soine  distance  outside  the  ganglion.  This  cell  belongs  to  type 
1.  The  cell  of  type  II.,  whose  ])rocess  breaks  up  into  numerous 
branches,  is  confined  to  the  ganglion.  None  of  the  branches 
extends  beyond  its  liinits.  They  break  up,  on  the  con- 
trary,  into  a plexus  which  surrounds  the  nucleated  capsule  of 
the  cells  of  ty])e  I.  Froin  this  plexus  fine  branches  break 
through  the  capsiile  and  surround  the  cell  itself  {pericellular, 
plexus). 

One  cell  of  type  II.  is  related  usually  to  many  cells  of 
type  I. ; and  many  cells  of  type  II.  take  part  in  the  formation 
of  the  plexus  around  each  cell  of  type  I. 

Besides  these  nerve  elements  already  described,  there  are 
pi’esent  in  the  s])inal  ganglia,  endings  of  nerve  fibres  arising 
in  synipathetic  ganglia.  These  fibres  break  up  into  fine  branches, 
which  surround  the  cells,  penetrate  the  capsule,  and  give  rise 
to  a pericellular  network.  These  sympatlietic  fibres,  are  related 
especially  to  cells  of  type  II.,  and  by  means  of  tlieni  to  cells 
of  type  I. 
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A simihir  stractiire  as  tliat  described  is  foiind  in  tlie  ganglion 
Gasseri,  ganglion  jngnlare,  jdexns  nodosus  n.  vagi,  ganglion 
petrosimi  n.  glosso-pharyngei,  and  tlie  ganglion  genicnli  n. 
facialis. 

The  ganglion  sjiirale  cochlejc  and  ganglion  vestibuläre  are 
distingnished  from  the  spinal  ganglia  by  tlie  fact  tliat  the 
cells  are  bipolar. 

The  syitipathetic  (janglia  contain  niultipolar  ganglion  cells 
which  are  snialler  than  those  of  the  spinal  ganglia  (13-40  y in 
iliaraeter).  They  contain  pignient  granules  and  often  t^yo 
nuclei,  and  are  surrounded,  like  the  spinal  ganglion  cells,  by 
a nncleated  capsule.  These  cells  give  off  an  axone  which 
possesses  no  niednllary  sheath  and  becoines  a fibre  of  lieinak  ; 
or  niay,  on  the  other  hand,  beconie  medullated  and  run  periph- 
eralward.  All  these  fibres  originati ng  in  syinpathetic  cells 
are  to  be  regarded  as  cellnlifngal.  They  end  either  in  the 
smooth  muscle  of  the  intestinal  walls,  the  yessels,  the  arrec- 
tores  filornni,  the  iris,  the  corpus  ciliare,  etc.,  or  in  the  i^nucous 
niembranes,  and  the  glands  (liver,  kidney,  etc.),  where  they 

in  11  ne  nee  the  secretorv  function. 

*/ 

The  dendrites,  of  which  the  syinpathetic  cells  possess  manv, 
are  short.  They  brauch  many  tiiiies  and  form  at  their  ends 
hne  networks  which  surronnd  other  cells.  Besides  the  cells, 
we  find  in  the  syinpathetic  ganglia  nerve  fibres  partly  medul- 
lated and  partly  non-medullated.  The  latter  arise  from  the 
cells  of  the  ganglion  itself,  while  the  former  are  medullated 
cerebro-spinal  fibres  which  liave  ]>assed  over  to  the  syinpathetic 
System  through  the  rami  communicantes.  These  are  partly 
sensory  and  partly  motor  fibres.  The  sensorv  ones  run  to  the 
periphery  and  end  there ; the  motor  end,  on  the  contrary, 
in  the  syinpathetic  ganglion,  where  they  form  jiericellnlar 
networks  aronnd  the  ganglion  cells.  In  this  way  the  syni- 
pathetic  cells  are  infiuenced  by  the  motor  fibres  of  the  cerebro- 
spinal  System.  The  syinpathetic  nerye  cells  themselves,  how- 
ever,  send  their  axones  to  the  periphery,  where  they  end  freelv, 
so  that  the  cerebro-spinal  fibres  niay  be  considered  as  motor 
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libies  ot  tliG  first  Order,  while  tlie  synipatlietic  axones  Mre 
motor  fibres  of  tlie  second  order. 

It  must  be  iioted  that  in  tlie  sympathetic  gaiiglia  of  ani- 
phibiaiis  tliere  are  unipolar  cells  witliout  dendrites.  The  one 
process  is  to  be  regarded  as  an  axone.  It  is  surrounded  by  a 
spiral  filire  wliicli  branclies  and  forms  an  end  plexus  around 
tlie  ganglioii  cells.  These  spiral  fibres  are  derived  from  cells 
lying  at  a distance,  and  represeiit  motor  fibres  of  the  first  order. 
Among  sympathetic  ganglia  are  to  be  considered,  the  ganglioii 
ciliare,  splenopalatinum,  oticum,  and  submaxillai’e. 


C.  Nerve -endings. 

Tlie  iierve-endings  are  the  hnal  terminations  of  individual 
iieurones.  By  means  of  these  the  nervous  System  is  put  into 
communication  with  other  Organs  and  tissues,  and  in  the 
nervous  System  itself  individual  iieurones  or  segments  are 
Joined  together.  It  is  through  their  agency  that  sensory  im- 
pulses  are  sent  to  the  central  nervous  System,  and  motor  im- 
pulses  transmitted  from  the  nervous  System  to  peripheral 
Organs.  We  distinguisli  free  nerve- eiuiings  in  which  the  much- 
liranched  nerve  filament  receives  or  gives  out  impulses  witliout 
the  intervention  of  other  tissues;  and  nerve-endings  connected 
with  some  specialized  end  apparatus.  In  the  latter  the  nerve- 
ending  is  combined  with  other  tissues  to  form  a special  struct- 
ure.  We  can  classifv  nerve-endin2:s  accordin«:  to  the  tissue 
in  which  thev  have  been  foianed.  Thus  we  find  nerve-endiims 
in:  1,  epithelium  ; 2,  connective  tissue;  3,  muscle;  and  4, 
nervous  tissue. 

Finally,  one  may  also  consider  nerve-endings  from  a physio- 
logical  standpoint ; but  here  unusual  difficulties  present  them- 
selves.  A Classification  of  nerve-endino^s  accordine:  to  their 
functions  is  not  practicable  as  long  as  we  are  ignorant  of 
the  anatomical  difference  between  centripetal  and  centrifugal 
nerve  fibres.  For  example,  in  glands  we  do  not  know  which 
endings  are  secretory  and  which  are  sensory.  Also  the  division 
of  sensory  endings  according  to  their  powers  of  transmitting 
special  sense  impressions  (temperature,  pressure,  pain,  etc.)  is 
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not  of  great  value.  In  the  following  descri[)tion  tlie  nerve- 
endings  will  be  taken  up  according  to  tlie  tissues  in  wliicli  tliey 
occLir. 


(i)  Intra- epithelial  Nerve^endings. 

We  can,  in  the  first  place,  distinguisli  free  nerve-endings  (Fig. 
227),  wliicli  inner vate  especially  the  epithelium  of  the  mucous 
meinbranes  and  epiderinis.  The  nerve  fibres  run  in  bundles 
in  the  nnderlying  connective  tissue  up  to  the  margin  of  the 


Fig.  227. 
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'Vertical  section  through  the  skiii  of  a pig’s  snout,  whicli  contains  free  intra-epithelial 
nerve-endings  and  IMerkel’s  tactile  corpiiscles.  Stained  Avith  gold  cdiloride.  X 300. 


epithelium.  Here  they  lose  their  various  sheaths  and  the 

naked  axis  cylinders  ptiss  over  iiito  the  epithelium  and  break 

up  into  fine  branches.  Such  fibres  i’each  often  up  to  the  outer 

layeis  of  the  epithelium  {e.  g.^  in  the  epiderinis  to  the  stratum 

granulosum);  in  sonie  cases  (urinary  bladder)  they  run  back 
20 
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to  tlie  deeper  layers,  wliere  tliey  end  freely  (Retziiis).  The 
eiids  of  tlie  fibres  ofteii  sliow  kiiob-like  thickenings.  Varia- 
tioiis  in  tliickiiess  in  tlie  course  of  the  fibre,  the  so-called 
varicosities,  are,  on  the  contrary,  due  to  methods  of  preparation 
or  to  post- mortem  changes. 

Aniong  the  intra-epithelial  nerve-endings  must  also  be  con- 
sidered  those  of  tlie  glands.  As  investigations  of  late  years 
have  shown,  the  nerve  fibres  end  on  the  surface  of  the  gland 
cell,  and  never  enter  into  it,  as  formerly  was  snpposed.  Often 
the  terminations  of  fibres  on  the  cell  snrfaee  are  thickened  and 
fiattened. 

Also  we  find  in  the  epithelinm  nerve-endings  in  the  form 
of  end  corpnscles,  the  so-called  MerkeVs  corpnscles  (Figs.  227, 
228,  229).  These  are  fonnd  most  nnmerously  in  the  pig’s 

Fig.  228. 
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From  a vertical  section  throujjh  the  skiii  of  a pig’s  snout.  In  the  corium  three  medullated 
nerve  cells  run  npvvard  ; on  the  epidermis  lie  many  tactile  corpuscles  of  Merkel.  X 450. 


snout  and  in  the  outer  root  sheath  of  tactile  hairs.  In  the 
deepest  layer  of  the  epidermis  we  find  cells  which  are  distin- 
giiished  from  other  epithelial  cells  by  their  greater  size  and 
clearness,  and  by  their  large  vesicnlar  nuclei.  By  means  of 
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Fig.  229. — From  a vertical  section  tliroiigh  tbe 
skin  of  a pig’ssnout.  Gold  chloride.  X 300. 


Fig.  230. — Motor  iierve-endings  in  a frog’s 
muscle  fihres.  One  nerve  fil)re  snpplies  two 
muscle  fihres.  Gold  chloride.  X 300. 


Fig.  231.— Xerve-ending  on  an  ordinary 
hair  of  a white  nionsc.  ln  the  centre  the  hair 
is  seen.  Gold  chloride.  X 900. 
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Fig.  232. — Nerve-ending  on  an  ordinary  hair 
of  a white  monse.  In  the  centrc  lies  the  hair. 
Gold  chloride.  X 1250. 
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special  iiietliods,  such  as  tlie  gold  cliloride  metliod,  and  tlie 
inethylene-blue  stain,  it  caii  be  deinonstrated  tliat  tlie  nerve 
libres  wliicli  lose  tlieir  sheatlis  at  tlie  inargin  of  the  epitlielinni 
form  at  tlieir  ends  sliell-like  thickenings,  tlie  so-called  tactih 
menisci,  Eacli  meniscus  lies  closely  ajiplied  to  one  of  the  large 
clear  cells  spoken  of  [MerheVi^  iacMle  celh)  in  such  a way  that 
its  concuve  side  is  adjacent  to  the  lower  surface  of  the  cell. 
The  tactile  cells  are  to  be  considered  as  modified  epitlielial 
cells,  whose  differentiation  is  initiated  bv  the  entrance  of  the 
nerve  fibre  into  the  epithelium  (Szymonowicz). 

As  a transition  form  hetween  the  free  intra-epithelial  nerve- 
endings  and  Merkel’s  corpnscles  may  be  mentioned  the  nerve- 
endiims  found  in  the  fro2;’s  tongue.  Accordiiig  to  the  work 
of  Bethe,  the  nerve  libres  are  connected  by  flattened  end  plates 
with  specialized  epithelial  cells.  To  tliis  dass  belong  also  the 
nerve-endings  in  the  mole’s  snout  (Eimer  s organ).  The  nerve 
libres  in  this  organ  enter  into  combination  with  modified 
epithelial  cells  by  means  of  lateral  knob-like  hranches.  Here 
must  also  be  classified  the  nerve-ending  in  the  Organs  of  taste, 
hearing,  and  sight ; for  in  these  the  branched  and  thickened 
ends  of  the  nerves  come  into  contact  with  the  so-called  serise 
cells  or  neuro -epithelial  cells.  In  the  olfactory  organ  the  rela- 
tion  is  otherwise  (see  later). 


[2)  Nerve-endings  in  Connective  Tissue. 


Here  also  there  are  free  nerve-endings  found  in  many  parts 
of  the  body.  The  nerve  fibre  loses  its  sheatlis  in  the  con- 
nective tissue,  and  the  naked  axis  cylinder  breaks  up  into 
more  or  less  numerous  fine  hranches.  Such  endings  are  estah- 
lished  in  the  tendons  (Golgi,  Cnttaneo,  and  others),  where  the 
much-branched  axis  cylinder  enters  hetween  the  tendon  bundles 
and  ends  freely.  They  are  also  found  in  the  skin  under  the 


basal  membrane  and  at  the  boundary  hetween  the  epidermis 
und  the  true  skin  (Banvier,  Szymonowicz);  in  the  endocardium 
(v.  Smyrnow)  ; in  the  hyaiine  membrane  of  the  hair  follicle 
(Figs.  231,  232);  in  the  ciliary  body;  in  the  lungs,  and  in  other 
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])lcicGs.  PliGSG  fiG6  Gndings  appGür  in  tliG  form  of  irrGguiarly 
outlinGtl  Giid  platGs. 

OtliGr  HGrvG-Gndings  in  tliG  connGctivG  tissuG  havG  thG  form 
of  corpusclGS.  TliG  so-calkd  GTandry^ s coi'puscles  liavG  a CGr- 
tain  similarity  to  MGrkGl’s  tactilG  bodiGs  (Fig.  233).  ThGy  are 


Fig.  233. 
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Grandry’s  tactile  corpiiscle,  composed  of  two  tactile  cells  and  a tactile  sbeath.  From  a 
vertical  sectioii  tliruugli  the  cere  of  a duck’s  bill.  X 400. 


abont  50  y in  dianiGtGr,  aiufarfe  snrroundGd  by  a coniiGCtivG- 
tissiiG  capsnlG.  InsidG  tliG  capsiilG  tliGrG  ai’G  prGSGnt  oiig  or 
inorG  tactile  cells  and  a tactile  disc  rGprGSGiiting  tliG  final  tGrmi- 
nation  of  tliG  iiGrvG  fibro.  TIig  fibro  losGs  its  sliGaths  at  tliG 
point  wliGi-G  it  passGS  tliroiigli  tliG  connGctivG-tissuG  capsnlo, 
and  tliG  nakod  axis  cylindGr  sproads  out  at  tliG  Giid  to  form 
tliG  tactilG  disc.  It  may  iindcrgo  no  division,  or  may  givG 
risG  to  two  or  morc  brancliGs,  cacli  of  wliicli  bccomcs  flattcncd 
and  forms  a tactile  disc.  These  axis  cylinders  are  bounded 
011  botli  sides  by  tactile  cells.  In  a corpnscle  tliat  contains 
only  one  disc  we  find  two  tactile  cells  wliicli  are  somewliat 
kidney-sliaped.  Wlien  two  discs  are  present,  tbree  tactile  cells 
are  found  ; witli  tliree  discs,  four  cells,  etc.  The  largest  cor- 
piiscles  are  found  in  the  duck’s  bill,  and  contain  four  discs 
aud  five  tactile  cells.  The  tactile  discs  are  thinner  at  tlieir 
peri])hery  than  in  the  centre.  In  these  discs  primitive  fibrils 
can  be  made  out  by  special  methods.  Tliese  run  into  the  disc 
from  the  place  where  the  axis  cylinder  eiiters,  like  the  rays  of 
a fall.  The  discs  and  tactile  cells  lie  parallel  to  the  outer  sur- 
face  of  the  sldn.  The  cells  show  in  the  central  part  of  tlieir 
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protoplasm  curved  fibrils,  so  sitiiated  tbat  tlie  convex  sides  are 
always  toward  tlie  centrally  placed  imcleus.  Grandry^s  cor- 
piiscles  are  foimd  es})ecially  on  tlie  cutis  of  tlie  cere  of  tlie 
bill  of  aquatic  birds,  such  as  tlie  goose  and  duck.  Tliey  occur 
also  in  tlie  tongue.  The  tactile  cells  of  Grandry’s  corpuscles 
are  of  connective-tissue  origin,  as  sliown  by  Szymonowicz. 
Tlius  tlieir  origin  is  entirely  diöerent  from  tbat  of  Merkel’s 
tactile  bodies. 

The  otlier  kinds  of  nerve-endings  in  connective  tissue  niay 
be  grouped  under  wbat  are  known  as  end  bulbs.  In  all  ternii- 
nations  of  this  sort  we  can  distinguisli  tliree  constituents, 
nainely,  tlie  axis  cylinder,  a tliickened  structure  surrounding 
this,  and  a capsule  enclosing  tlie  wliole.  The  axis  cylinder 
usually  ends  in  a small  swelling.  The  capsule  is  composed 
of  connective  tissue,  and  contains  a small  n umher  of  coiinec- 
tive-tissLie  cells.  These  end  bulbs  are  usually  long,  and  often 
spirally  coiled.  In  some  cases  the  axis  cylinder  breaks  up 
into  maiiy  branches,  each  of  which  terminates  in  a thickening, 
and  is  surrounded  by  connective-tissue  sheaths.  End  bulbs  of 
this  sort  are  found  in  the  skin  of  the  pig’s  snout  (Szymonowicz) 
and  in  the  conjunctiva  (Krause). 

End  bulbs  of  a more  complex  character  are  found  in  the 
genitalia,  especially  in  the  glans  penis  and  the  clitoris.  In 
these  so-called  genitad  nerve  corpuscles  the  axis  cylinder  breaks 
up  into  maiiy  branches  which,  according  to  soiiie  authors 
(Retzius),  end  freely,  and  according  to  otliers  (Dogiel),  form 
a (lense  network. 

The  so-called  Meissner  s tactile  corpuscles  (Fig.  244),  which 
occur  especially  in  the  papillm  of  the  skin,  nniy  be  considered 
as  end  bulbs.  They  are  ellipsoidal  corpuscles,  often  more  than 


100  g long  and  50  u wide.  They  are  suri’ounded  by  a thin 
nucleated  connective-tissue  capsule  which  contains  a oelatinous 
inner  sheath.  At  the  lower  |)ole  of  the  corpuscle,  one  to  four 
nerve  fibres  are  usually  present.  They  lose  their  medullary 
sheath  immediately  after  entering  tlie  connective-tissue  capsule. 
The  naked  axis  cylinder  takes  a s])iral  course  and  breaks  up 
into  many  branches  in  the  inner  sheath.  There  can  usually 
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be  seen  numerous  varicosities,  wliich  give  tlie  inner  sheatli  tlie 
appearance  of  containing  nnclei. 

Bujfinis  corpuscles  are  in  sonie  respects  similar  to  Meissner’s 
tactile  bodies.  Tliey  are  foiuid  at  tlie  border  of  the  cutis  and 

V 

snbcutis,  and  also  in  tlie  subcutis  itself.  Tliey  are  aboiit  1.35 
min.  in  lengtli.  The  nerve  hbres,  after  losing  tlieir  slieatlis, 
divide  into  numerous  varicose  branclies  wliicli  end  freely  by 
small  knob-like  tliickenings.  The  entire  corpuscle  is  sur- 
rounded  by  a thin  connective-tissue  capsule. 


Fig.  234. 
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Herbst’s  corpuscle  froni  tlie  cere  of  a duck’s  bill.  X 450. 

Otlier  end  bulbs  described  as  GoUji-Mazzoni  corpuscles  are 
(piite  similar  to  these.  Tliey  possess,  however,  more  strongly 
developed  connective-tissue  capsules. 

Two  closely  related  forms,  the  Herbst  corpuscle,  and  the 
Vater- Bacini  corpuscle,  are  end  bulbs  in  which  the  axis  cylin- 
der is  not  at  all  or  only  slightly  branched,  and  the  connective- 
tissue  capsules  are  strongly  developed  in  the  form  of  concentric 
lamellse. 


Lamellse 
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Herbst’s  corpuscles  (Fig.  234)  are  fouiul,  like  Grandry’s 
corpiiscles,  iisually  in  tlie  skiii  of  aquatic  birds.  Tliey  are 
ovoid  bodies,  aboiit  140  (.i  loiig  and  80  (i  wide.  The  inner  part 
contains  an  axis  cvclinder  tliiekened  at  tlie  end,  and  surronnded 
by  the  inner  slieatli.  The  latter  ])ossesses  a series  of  cells  on  its 
onter  siirface,  wliicli  seeni  to  liave  tlie  same  fiinetion  as  tlie 
tactile  cells  in  iMerkeks  corpuscles.  The  onter  laniellated  part 
consists  of  nnnierous  concentrically  arran^ed  connective-tissiie 
lamellie,  of  wliicli  the  onter  contain  a few  Hat  cells.  The  nerve 
fihre  enters  at  the  end  of  the  corpnscle,  and  ])asses  together 
witli  the  Schwann’s  slieath  and  mednllary  sheatli  tlirongh  tlie 
onter  lainellated  part.  Eoth  layers  end  at  the  honndary  he- 
tween  the  inner  slieath  and  the  laniellie. 


Fig.  235. 


Transverse  section  of  a Vater-Pacinian  corpu.scle  from  a cat.  In  the  centre  lies  the  axis 

eylimler  ent  aeross.  X 200. 


The  Vater-Pacinian  corpuscles  (Fig.  235)  are  slightly 
different  from  tliose  of  Herbst.  Instead  of  the  laro:e  tactile 

o 

cells  surroiinding  the  core,  we  find  a series  of  flat  cells.  The 
lamellated  part  is  developed  niore  strongly,  and  in  a large 
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corpuscle  tbere  may  be  as  nuiiiy  sixty  bimellae.  Between  tlie 
lamellae  tbere  is  a clear  seroiis  fluid.  Eacb  lamella  is  lined  on 
its  inner  surface  witb  flat  epitlielioid  cells  lying  near  one 
anotber.  Tbe  oiitlines  of  tbese  can  be  demonstrated  by  treat- 
nient  witb  silver  nitrate.  Blood  capillaries  bave  been  found  in 
tbe  lamellated  part.  Tbese  corpuscles  are  over  2 mm.  long  and 
are  easily  visible  to  tbe  naked  eye.  Tbey  are  found  in  tbe 
connective  tissue  under  tbe  skin  of  tbe  palms  of  tbe  bands 
and  soles  of  tbe  feet,  especially  in  tbe  Angers  and  toes.  Tbey 
occur  also  in  tbe  joints,  tbe  periosteum,  in  tbe  mesentery  and 
j^ancreas  of  tbe  cat,  etc. 


{3)  Nerve-endings  in  Muscle. 


(rt)  Alotoi'  Nerve-endings. 

Tn  smooth  m lisch  tbe  nerve-endings  bave  tbe  following 
arraiurement : Tbe  nerve  fll)re  enters  between  tbe  muscle 

bundles,  and,  dividing  tbere,  passes  between  tbe  individual 
muscle  cells.  Tbe  wbole  flbre  sliows  varicosities  tbrougbout 
its  course,  and  ends  freely  on  tlie  surface  of  tbe  cell  by  means 
of  end  tbickeniim’s.  Tbe  bitter  are  in  direct  Connection  witb 
tbe  cell,  altboimTi  tbe  termination  of^tlie-fibre  never  reacbes 
tbe  inside  of  tbe  cell.  It  tberefore  bas  no  connection  witb 
tbe  nucleus  of  rbe  mnscle  cells,  as  was  claimed  formerly. 

In  heart  muscle  tbe  motor  nerves  end  on  tbe  surface  of  tbe 
cell  in  small  swellings.  Tn  most  cases  it  is  ])robable  tbat  eacb 
muscle  cell  possesses  a different  nerve  flbre.  By  an  anasto- 
mosis  of  tbe  nerve  fibres  a terminal  network  is  foianed,  from 
wbicb  tbe  final  end  fibres  proceed  to  tbe  muscle  cells. 

In  striated  skeletal  muscle  bundles  of  medullated  nerve 
fibres  form  networks  in  tbe  perimysium.  Terminal  fibres 
proceed  from  tbese  networks  to  tbe  individual  mnscle  fibres, 
on  wbose  surface  tbey  end  (Big-  23(5).  Tbe  sbeatli  of  Scbwann, 
as  well  as  tbat  of  Heule,  ceases  before  it  reacbes  tbe  muscle 
flbre.  According  to  some  autbors,  bowever,  tbese  two  sbeatbs 
fuse  witb  tlie  sarcolemma.  Tbe  medullary  sbeatb  ends  wbere 


NEU  VE-ENDINGS. 


313 


tlie  nerve  fibre  enters  tlie  musele  libre.  The  axis  cylincler 
breaks  u})  into  an  end  arborization.  The  relation  of  this  to 
the  protoplasin  of  the  niiiscle  hbre  is  described  variously  by 
different  authors.  According  to  some,  it  lies  on  the  sai’- 
colemina.  Other  anthors  who  believe  that  the  sarcoieinina 
and  the  sheath  of  Sehwann  fuse  together,  hold  tliat  the  end 
arborization  of  the  axis  cvlinder  lies  nnder  the  sarcoleninia 
in  immediate  contact  with  the  sarcoplasm.  l iiere  can  often 
be  observed  at  the  place  where  the  nerve  fibre  enters  the 


Fia.  236. 


Motor  nerve-endings  in  striated  muscle  fibres  (abdominal  muscle)  of  a rat. 


X 170. 


nuiscle  fibre  an  elevation,  which  in  optica  1 section  has  the 
form  of  a hillock.  This  was  observed  first  bv  Dovere  in  the 

« ' t 

mnscles  of  insects,  and  lience  is  known  as  Doyere^s  hillock. 

The  end  arborization  of  the  axis  cylinder  varies  in  form 
according  to  the  animal  in  which  it  is  observed.  In  amphib- 
ians  the  branches  are  more  or  less  straight  and  simple  (Fig. 
230) ; in  reptiles,  birds,  and  mammals,  on  the  contrary,  they 
are  S-shaped  (Fig.  231). 

Around  the  end  arborization  there  is  a laro^er  or  smaller 
quantity  of  a finely  granulär  substance,  which  is  called  the  gran- 
ulosa  or  granulär  hed.  Authors  differ  as  to  the  significance  of 
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linder  tlie  sarcolemma,  consider  tlie  granulosa  to  be  a collectioii 
of  sarcoplasin.  Otliers,  oii  tlie  coiitrary,  wlio  believe  tliat  the 
axis  cvlinder  eiids  on  tlie  sarcolemma,  resfard  the  o;raiuilosa  as 
a prodiict  of  tlie  neuroplasm.  Niiclei  are  present  in  tliis  siib- 
stance,  and  are  said  by  some  to  belong  to  the  miiscle,  and  by 
others  to  the  sheath  of  Schwann.  Each  miiscle  fibre  possesses 
usually  only  one  motor  nerve- ending.  Where,  however,  more 


Motor  nerve-endings  in  tlie  fihres  of  a rat’s  abdominal  miiscle.  In  the  upper  fibre  two 

end  ])lates  are  to  be  seen. 


V.  Kolli ker  as  biindles  of  small  miiscle  libres  closely  related 


(^luskelknospen).  Later  on,  Kühne  observed  them,  and  pro- 
posed  the  nanie  now  in  iise.  Since  this  time  they  have  been 
freqiiently  found  and  regarded  varioiisly  as  growth  centres,  as 
pathological  strnctnres,  and  as  sensory  nerve-endings.  At  the 


as  proven  by  tlie  investigations  of  Kerschnei%  Rnffini,  and  Sher- 
rin^ton.  It  has  been  siisfo^ested  tliat  their  fiinction  is  connected 
with  the  miiscle  sense.  The  following  account  is  based  on  a 


Fig.  237 


Granulär  hed 
of  end  Organ 


Nerve  fibre 


■Musde  fibre 


End  arborization 


tliaii  one  nerve  fibre  apjiroaches  a miiscle  fibre,  there  are  pres- 
ent in  the  latter  two  or  more  nerve-endings  (Figs.  235  and 
230).  Often,  on  the  contrary,  one  nerve  fibre  innervates  two 
miiscle  libres  (Fig.  220). 


(J))  Sensory  Nerve-endings. 


Mmde  Spindles. — These  strnctnres  w^ere  described  first  by 


with  nerve  fibres.  They  were  called  by  him  muscle  huds 


present  time  they  are  regarded  usually  as  sensory  end  Organs, 


description  given  by  Huber. 
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The  muscle  spindle  consists  of  tlie  following  structiires: 
capsiile,  periaxial  space,  axial  slieatli,  intrafusal  muscle  fibres, 
and  spindle  nerves  (Fig.  238). 

The  capsule  (perimysial  sheath)  consists  of  white  librous 
eonnective  tissne  aiTanged  in  six  to  eight  consecntive  layers. 
Pi  ’actically  no  elastic  fibres  are  present.  In  rnainmals  the  cap- 
sule is  usually  thicker  than  in  lower  vertebrales.  The  capsule 
is  continuous  with  a connective-tissue  sheath  surroundiiig  the 


Fig.  238. 


Cross-section  of  muscle  spindle  from  plantar  muscle  of  cat.  (After  Huber.)  c,  capsule  ; 
a.  s.,  axial  sheath ; i.  f.,  intrafusal  fil)re ; p.  a.  s.,  periaxial  space  ; s.  n.,  medullated  spindle 
nerve ; s.  in.,  ordinary  muscle  fibres. 

muscle  fibres  which  enter  the  muscle  spindle  at  its  proximal 
end.  The  Song  axis  of  the  spindle  lies  parallel  to  that  of 

the  muscle  fibre.  The  distal  end  is  continuous  with  the  peri- 
mysium  internum. 

The  periaxial  space  is  a lymph  space  described 
and  Sherrington  lying  immediately  under  the  ca 
is  widest  at  the  centre  of  the  spindle. 

The  axial  sheath  cousists  of  a layer  of  fine  white  f|byöU^ 
eonnective  tissue  enclosing  the  intrafusal  muscle  ßhres.  The 
latter  vary  in  number  (one  to  twenty),  and  are  smaller  than 
ordinary  muscle  fibres.  They  are  rieh  in  protoidasm,  and  are 
formed  by  the  division  of  ordinarv  muscle  fibres  enterino’  the 
spindle.  They  run  more  or  less  parallel  to  the  long  axis  of  the 
spindle.  A sarcolemma  is  not  always  present  (Sherrington). 
At  the  periphery  of  the  fibre  there  is,  accordin«:  to  Sherrino-ton 
a series  of  muscle  nuclei.  These  are  regarded  by  Huber  as  be- 
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loiiging  to  tlie  connective-tissiie  slieatli  of  tlie  fibre.  Fibril 
buiulles  are  often  absent  in  tlie  centre  of  tbe  fibre.  Here 
tliere  is  a core  of  sarcoplasm  containing  a nnmber  of  nuclei. 
Tliis  is  more  noticeable  in  tbe  eqnatorial  region  of  tlie  spin- 
dle  tliaii  at  eitlier  pole.  In  coniparing  tliis  structure  witli 
tliat  of  (leveloping  innscle  fibres,  as  described  in  a previous 
section,  it  will  be  noted  tliat  tliere  are  inany  points  of  resem- 
blance. 

Spind le  Nerves. — These  are  large  medullated  nerve  fibres 
wliich  break  iip  in  tlie  innscle  spindle.  Tliey  are  spinal  gan- 
o'lion  fibres  wliicli  do  not  dei>;enerate  on  tlie  destruction  of  motor 
fibres  snpplying  tlie  innscle  (Slierrington).  Two  to  eiglit  nerve 
fibres  enter  each  spindle  near  the  proximal  end.  The  capsule 
of  the  spindle  beconies  continnons  witli  Henle’s  sheath  or  with 
the  connective  tissne  covering  a bündle  of  fibres.  Hediillated 
fibres  pass  through  the  axial  sheath  with  which  the  reniains  of 
the  connective-tissiie  sheath  beconie  continnons.  Within  the 
axial  sheath  the  filires  inav  beconie  non-medullated.  The  ulti- 
inate  nerve-endimrs  are  non-medullated  branches  which  occnr 
between  the  sarcolemma  and  tlie  connective-tissiie  sheath  sur- 
roiinding  the  intrafiisal  fibres.  According  to  Ruffini,  the  ter- 
minations  of  these  branches  may  be  spiral,  annular,  or  fiower- 
like.  In  the  first  kind  the  nerve  fibre  fiattens  out  and  winds 
spirally  around  the  intrafiisal  fibre.  Tliis  is  the  most  charac- 
teristic  ending,  and  tliat  described  as  annular  is  only  a niodi- 
fication  of  this.  The  flower-like  endings  are  fornied  by  a 
branching  of  the  spiral  fibres. 

The  blood  supphj  of  the  muscle  spindle  is  well  developed. 
Vessels  enter  the  capsule  and  give  off  branches  which  form  a 
network  surrounding  the  spindle.  Other  branches  proceed 
to  the  intrafusal  fibres. 


[4]  Nerve-endings  in  Nervous  Tissne. 

Under  this  section  the  general  relation  of  the  neurones  to 
one  another  in  the  central  nervous  System  must  be  considered. 
Fig.  239  shows  the  relation  of  the  sensory  neurones  to  the 
motor.  This  may  involve  only  two  neurones,  or  tliere  may  be 
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a secondary  neurone  interposed.  In  tbe  first  case  we  liave  the 
so-called  reßex  arc  (Fig.  239,  a,  h).  The  Stimulus  is  carried 
froin  tlie  nerve-endings  in  tlie  skin,  tlirougli  the  cellulipetal 
fibre,  to  the  spinal  ganglion  cell.  From  here  it  is  transmitted 
through  the  dorsal  root  to  the  gray  matter  of  the  cord,  where 


Fig.  239. 


Diagram  showing  the  relations  of  sensory  and  inotor  neurones  in  the  central  nervous 
System,  The  path  of  the  impnlse  is  indicated  by  arrows.  (After  Kamon  y Cajal.) 

it  is  passed  on  to  the  dendrites  of  the  motor  neurone  B,  which 
lies  in  the  ventral  horn.  The  Stimulus  then  reaches  the  cell, 
and  is  transmitted  hy  means  of  the  axone  of  that  cell  to  the 
motor  nerve-ending  in  the  muscle  b.  In  this  way  refiex  move- 
ments  take  place.  Tliis  relation  is  different  when  the  Stimulus 
is  transmitted  to  the  cortex  of  the  brain,  and  a voluntarv  niove- 
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ment  results.  In  tliis  case  at  least  four  neurones  form  a part 
of  tlie  whole  patli.  The  sensory  Stimulus  passes  tlirougli  the 
cell  Ä iipward  in  the  white  matter  of  the  cord.  The  fil)re  «2 
carries  it  to  a neurone  of  the  second  Order,  C\  which  transmits  it 
in  turn  to  the  cortex,  where  the  fine  branches  come  into  contact 
with  the  dendrites  of  a motor  cell,  D.  The  axone  of  this  pyr- 
amidal cell  d passes  down  and  crosses  over  in  the  pyramidal 
tract,  to  come  into  relation  with  the  dendrites  of  a motor  cell 
of  the  first  Order  E in  the  ventral  horn  of  Ihe  cord.  From 
this  cell  the  motor  impulse  is  carried  out  to  the  nerve-endings 
in  the  voluntary  muscle  e. 

VIII.  SENSE  ORGANS. 

The  sense  Organs  are  complex  structures,  each  of  which  con- 
sists  not  only  of  the  essential  end  apparatus  of  the  sensory 
nerve,  but  also  of  parts  which  su})port  and  aid  this  in  its  func- 
tion.  We  distinguisli  five  sense  orgaus,  naniely  : 

1.  The  tactile  oritaii  ; 

2.  The  Organ  of  sight  (visual); 

d.  The  Organ  of  hearing  (auditory) ; 

4.  The  Organ  of  taste  (gustatory) ; and 

0.  The  Organ  of  sniell  (olfactory). 

The  tactile  sense  is  located  in  the  skin,  so  that  the  latter 
t02;ether  with  its  various  nerve-endinofs  forms  the  tactile  org-an. 
We  shall,  therefore,  describe  here  the  skin,  which  also  acts  as 
a protective  organ  for  the  whole  hody. 

1.  THE  SKIN-THE  TACTILE  ORGAN. 

Here  must  be  considered  not  only  the  outer  skin  (integu- 
mentum  commune),  but  also  its  appendages  (the  nails  and  the 
hairs),  and  its  glands  (sebaceous  and  sweat  glands). 

(a)  The  Outer  Skin. 

The  skin  covers  the  whole  outer  surface  of  the  human  hody. 
It  consists  of  two  parts,  a connective-tissue  part  [derma  or  cutis) 
of  mesodermal  origin,  and  an  epithelial  part  [epidermis)  of 
ectodermal  origin  (Fig.  241).  The  cutis  may  be  divided  into 
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a compact  layer,  the  so-called  corium^  and  a deeper-lying  loose 
layer,  tlie  tela  subcutanea. 

The  boundary  between  tlie  connective-tissue  part  and  tlie 
epidermis  is  iisually  iineven.  This  is  cansed  by  the  fact  that 
the  corium  imiiiediately  uiider  the  epidermis  is  raised  into  con- 
ical  or  vound  paj) Uhr  (Figs.  241,243,  244).  Tliese  extend  into 
tlie  epidermis,  and  are  of  different  size  in  varions  parts  of  the 
body.  The  largest  are  in  tlie  plaiita  jiedis,  vola  manus,  glans 
penis,  etc.,  where  they  reach  a height  of  0.2  mm.  In  other 


Fig.  242. 
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Diagrammatic  section  through  the  skin.  This  figure  serves  to  show  how  the  section 
in  Fig.  240  is  cut.  The  line  x-y  gives  the  direction  of  the  section.  S,  sweat  gland  ; 
P,  papilla;  M,  Meissner’s  corpuscle. 


places  {e.  g.,  in  the  skin  of  the  face)  they  are  inconspicuous. 
We  divide  the  papillse,  according  to  whether  they  contain 
loops  of  blood  capillaries  or  nerve  corpuscles,  into  vascular  and 
nervous  papillte. 

The  corium  consists  of  white  fibrous  connective  tissue,  the 
fibre  bundles  of  which  cross  one  another  in  different  directions. 
In  the  network  thus  forined  we  find  connective-tissue  cells  of 
varions  kinds,  and  a plexus  of  elastic  fibres  which  is  denser 
in  the  deeper  layers. 

The  corium  may  be  divided  into  two  layers  : the  pars 
papillaris  and  the  pars  reticularis.  The  first,  which  lies  imme- 
diately  under  the  epidermis,  owes  its  naine  to  the  fiict  that  it 
contains  the  papillse ; while  the  pars  reticularis  is  so  nanied 
on  account  of  the  net-like  arrangement  of  the  connective-tissue 
bundles.  These  bundles  cross  one  another  in  such  a way  that 
there  are  left  rhomboidal  spaces  or  nieshes  (Lange’s  spaces), 
wliich  are  filled  with  sweat  glands  or  fat.  The  two  lavers  of 
the  corium  pass  into  one  another  without  any  sharp  line  of 
demarcation. 
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In  the  coriuiii  we  find  in  certain  places  {e.  (j.,  in  tlie  face) 
Striated  muscle  fibres,  extending  up  to  tlie  pars  papillaris. 
Tliere  occur  also  smootli  ninscle  cells,  wliicli  run  in  bundles 
parallel  to  tlie  surface  and  form  special  networks  in  tlie  skin 
of  the  scrotum  (tunica  dartos)  and  the  nipple.  The  sniootli 
muscles  of  sweat  glands  and  tliose  wliicli  are  connected  with 
liairs  will  be  spoken  of  later. 

The  subcutaneous  tissue  (tela  subcutanea)  wliicli  joins  the 
skin  to  the  neighboring  parts  is  niade  up  of  interlacing  con- 
nective-tissLie  Strands,  in  the  meshes  of  wliicli  fat  is  found 
(Fig.  241).  When  the  fat  reaches 'a  considerable  development, 
this  layer  is  spoken  of  as  the  paiiniculus  adiposus.  In  a few 
exceptional  instances  the  tat  is  entirely  wanting  in  the  sub- 
cutaneous tissue  {e.  g.,  in  the  outer  ear,  the  scrotum,  etc.).  The 
more  horizontal — i.  e.,  parallel  to  the  surface  of  the  skin — the 
connective-tissue  bundles  run,  the  longer  they  are  and  the 
greater  is  the  movability  of  the  skin.  The  wrinkling  of  the 
skin  is  dependent  on  the  length  of  these  bundles.  If  they  are 
short,  they  run  more  nearly  at  right  angles  to  the  surface 
of  the  skin,  and  the  bitter  cannot  be  moved  or  thrown  into 
folds. 

At  the  boundary  between  the  corium  and  the  epidermis  we 
find  a very  thin  structureless  membrane,  the  so-called  basal 
membrane. 

The  epidermis  is  composed  of  a many-layered  epitheiium. 
Two  parts  in  this  may  be  distinguished  : the  outer  one,  wliicli 
consists  of  corneous  cells  {horny  layer ^ siratum  corneum),  and 
the  deeper-lying  part,  the  so-called  Madpigliian  layer  (stratum 
Malpighii,  stratum  germinativum).  The  latter  may  again  be 
divided  into  many  layers,  wliicli,  spoken  of  from  below  up,  are 
the  stratum  eylindricem,  stratum  spinosum,  stratum  granulosum, 

and  stratum  lucidum  (Fig.  244). 

The  degree  of  development  of  the  horny  layer  and  the 
Malpighian  layer  differs  in  various  parts  of  the  body.  Usually 
the  latter  is  the  thicker  of  the  two,  but  in  the  vola  nianus 
and  the  planta,  pedis  the  horny  layer  is  greatly  thickened.  The 
two  lower  layers  of  the  stratum  Malpighii  consist  of  jirickle 
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Fig.  243. — From  a horizontal  sectiou  through  the  epidermis  of  a human  finger.  The  section  is  almost 
parallel  to  the  surfaee  of  the  skin,  as  shown  by  the  line  x in  Fig.  242.  X 88. 
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Fig.  244.— From  a seetion  through  tbc  skia  of  the  hallux  of  an  adult  human  subject. 
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cells.  The  lowermost  layer  lias  qiiite  high  cyliiitlrical  cells 
lying  beside  oiie  aiiother.  Tlie  prickles  directed  downward, 
with  fine  fibres  exteiiding  betweeii  theiii  from  the  corium,  as 
well  as  the  presence  of  cemeiit  siibstaiice,  j)rovide  a ineaiis  of 
joining  the  epidermis  firmly  to  the  corium.  The  stratum 
spinosum,  whose  cells  have  been  described  above,  consists  of 
manv  rows  of  cells  which  fill  ui)  the  free  spaces  between  the 
pa[)illöe.  Above  this  is  the  stratuvi  granulosum,  consisting 
usiially  of  two  or  three  rows  of  flattened  cells.  These  pos- 
sess refractive  graniiles,  which  iiidicate  the  beginning  of  the 
process  of  cornification.  They  are  spokeii  of  as  keratoJiyciline 
granules,  and  are  regarded  by  some  aiithors  as  modified  cell 
protoplasin,  and  by  others  as  a prodiict  of  the  dying  nucleus 
of  the  cell.  This  latter  view  finds  some  support  in  the  fact 
that  often  the  development  of  keratohyaline  graniiles  is  accom- 
panied  bv  a poverty  of  the  nucleus  in  chromatin  and  its  final 
disintegration. 

Above  the  stratum  granulosum  there  is  a refractive  layer, 
the  stratum  lucidum,  which  consists  of  tv^o  or  three  lavers  of  flat 
cells.  These  possess  disintegrating  niiclei,  and  contain  a homo- 
geneous  substance  called  eleidin,  which  is  derived  from  the 
keratohyaline  graniiles.  The  latter  increase  in  size  and  coalesce 
to  form  a semifluid  substance,  which  develops  new  staining  re- 
actions.  Keratohvaline  stains  with  hsematoxvlin,  while  eleidin 
is  colored  by  eosin  or  nigrosin.  In  this  layer  the  boundaries 
of  the  cells  are  often  not  distinct.  The  stratum  lucidum  is 
often  wanting  in  places  where  the  epidermis  is  thin.  It  forms 
a direct  transition  to  the  hornv  laver. 


The  cells  of  the  horny  layer  (stratum  corneum)  are  like  thin 
scales  and  show  no  remains  of  nuclei.  The  whole  cell  is  made 
up  of  heratin,  which,  as  opposed  to  eleidin  and  keratohyaline, 
can  be  dissolved  neither  in  trypsin  nor  in  pepsin.  In  sections 
treated  with  osmic  acid  the  horny  layer  shows  on  its  upper  and 

linder  surfaces,  as  well  as  on  its  sides,  a black  boundai'v,  which 

*/  ' 

is  due  to  impregnation  of  the  dried  layer  with  fat.  The 
middle  part  of  the  horny  layer  cannot  be  blackened  by  osmic 
acid. 
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The  horny  cells  are  coiitiiuially  rubbed  off  from  the  surface 
of  the  skiii,  and  new  cells  are  added  from  the  basal  layers  of 
the  stratnin  Malpighii.  In  the  lowest  layers  of  the  epithelium 
we  meet  with  karyokinetic  figures.  The  young  cells  are  pushed 
out  by  still  younger  cells  toward  the  surface. 

riie  skin  of  the  white  raee  is  in  various  places  colored 
brown  by  the  deposition  of  pigment  (e.  g.,  the  skin  of  the 
nipple,  the  labia  inajora,  the  scrotum,  and  around  the  anus). 
Much  coloring-matter  is  found  in  the  skin  of  the  negro.  Here 
yery  fine  pigment  granules  are  present  between  and  in  the  epi- 
thelial cells  of  tlie  lowest  layer  of  the  stratum  Malpighii,  and 
also  in  the  outer  parts  of  the  corium  in  branched  connective- 
tissue  pigment  cells.  The  origin  of  the  pigment  is  not  defi- 
nitely  known.  Some  authors  claim  that  the  epithelial  cells 
have  110  power  of  producing  pigment,  and  that  the  pigment 
granules  are  imported  by  connective-tissue  cells.  Other  au- 
thors, 011  the  contrary,  hold  that  the  cells  of  the  epidermis  are 
capable  of  producing  pigment  granules  without  the  assistance 
of  the  connective-tissue  cells,  since  it  is  an  undoubted  fact  that 
the  pigment  of  the  retina  is  a product  of  epithelial  cells. 


(7>)  Hairs. 

Tlie  liairs  are  thread-like 'structures  formed  from  the  epi- 
dei’inis,  which  are  distribnted  over  the  whole  surface  of  the 
body  with  the  exception  of  the  palms  of  the  hands,  the  soles 
of  the  feet,  the  red  borders  of  the  lips,  and  the  inner  surface 
of  the  praeputium. 

A part  of  the  hair  {hair  roo()  is  buried  in  the  skin  ; while  a 
part  projects  beyond  the  surface  (hair  shaft)  (Fig.  240).  The 
lower  part  of  the  hair  root  is  thickened  to  form  a rounded, 
knob-like  structure,  the  hair  halb.  Into  this  there  is  pushed 
from  below  a small  round  mass  of  the  corium,  which  is  called 
the  hair  papilla.  In  small,  fine  hairs,  the  root  extends  into 
the  corium,  while  the  roots  of  laro;e  hairs  reach  as  far  as  the 
SLibcutaneous  tat. 

A true  hair  consists  of  horny  epithelium.  The  part  which 
is  situated  in  the  skin  is  surrounded  by  several  layers  of  epi- 
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Fig.  246.— From  a longitudinal  section  through  the  axis  of  a hair  and  its  root  sheath. 

Human  scalp.  Haematoxyliu  and  eosiii.  x 550. 
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tlielium,  wliicli  togetlier  form  tlie  sheaths  of  the  liair  root. 
Outside  tliese  we  lind  coiinective-tissue  layers,  wliicli  enclose 
them  in  a saccular  structiire,  whicii  is  known  as  tlie  hair 
follicle.  A true  hair  consists  of  tliree  parts  (Figs.  245  and 
240) : 

1.  The  medullary  substance  ; 

2.  The  cortical  substance  ; 

3.  The  outer  liair  meinbrane  (hair  cuticle,  cuticula  pili). 

The  medullary  substance  lies  in  the  axis  of  the  hairs ; but  is 

found  usually  only  in  the  thicker  hairs,  and  in  the  lower  part 
of  the  hair  root.  It  is  niade  up  of  cubical  cells  containiiig  large 
spherical  nuclei.  As  a rule,  the  whole  thickness  of  the  medul- 
lary substance  is  forrned  by  one  or  two  adjacent  cells. 

The  main  part  of  the  true  hair  is  composed  of  the  cortical 
substance.  This  consists  of  spindle-shaped  cells,  which  show  a 
distiuct  fibrillär  structure  and  contain  oval  nuclei.  Since  these 
cells  lie  with  their  long  axes  parallel  to  that  of  the  hair,  the 
whole  hair  has  the  appearance  of  being  longitiidiually  striated. 
In  this  part  of  colored  hairs  there  are  pigment  grannles,  inside 
and  between  the  cells.  In  the  neighborhood  of  the  papilla, 
however,  we  find  branched  pigment  cells.  There  is  to  be 
found,  likewise,  coloring-matter  in  solution,  which  infiltrates 
the  cortical  cells.  The  color  of  the  hair  is  due  to  these  two 
kinds  of  ])igment.  We  find  also  between  both  cortical  and 
medullary  cells  small  spaces  filled  witli  air.  In  the  medulla 
these  niay  be  very  abundant,  and,  when  jngment  is  scanty, 
they  cause  the  hair  to  be  distinctly  white.  Hairs  which  have 
entirely  lost  their  pigment,  but  contain  no  air  spaces  in  the 
medullary  substance,  are  gray,  but  never  white. 

Ilie  outermost  layer  of  the  true  hair  is  the  hair  cuticle. 
This  is  made  np  of  fine,  transparent,  strnctnreless,  and  almost 
rectangular  scales,  which  are  ])laced  like  tiles  in  such  a way 
that  theii  lower  borders  lie  on  the  cortex,  whde  their  free 
edges  project  toward  the  outside  and  the  end  of  the  hair.  ln 
longitudinal  sections  of  a hair  these  are  directed  from  the  out- 
side downward  and  inward.  They  overlie  one  another,  so  that 
four  to  six  cells  form  the  thickness  of  the  cuticle.  In  cross- 
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section  they  are  seen  to  be  arranged  coiicentrically.  The  cells 
of  tliese  layers  are  witliout  a luicleus  in  the  iipper  part  of  tlie 
root  and  sliaft ; wliile  in  the  region  of  the  bulb  there  occur 
cells  wliicli  are  richer  in  j^i’^^^oplasm  and  contain  distinct 
rtattened  nnclei. 

The  root  sheaths  consist  of  an  onter  and  an  inner  laver 

c/ 

(Figs.  245  and  240).  The  inner  layer  extends  from  about 
the  upper  one-third  of  the  liair  i-oot  down  to  the  hair  papilla. 
The  outer  layer,  which  is  a process  of  the  whole  epidennis, 
shows  in  the  upj^er  third  of  the  hair  root — i.  e.,  up  to  the 
oritices  of  the  glands — all  the  layers  of  the  epidennis.  Below 
this  it  is  inade  uj)  of  only  tliat  part  which  represents  the  Mal- 
pighian  layer.  The  stratum  granulosum  extends  usually  as  far 
down  as  the  openings  of  the  sebaceous  glands. 

The  inner  root  sheath  consists  of  tliree  different  layers. 
The  innerinost  layer  is  the  cuticle  of  the  root  sheath  (cuticula 
Vagina  pili)-  It  lies  iminediately  on  the  hair  cuticle,  and 
has  a structure  similar  to  that  of  the  latter.  It  is,  however, 
thinner  tlian  the  cuticle,  and  consists  of  exceedingly  thin, 
scale-like  cells,  which  possess  nuclei  in  the  lower  part  of  the 
hair  root,  but  not  in  the  upper. 

Outside  the  cuticle  of  the  root  sheath  there  lies  the  sheath 
of  Iluxley,  which  consists  of  one  or  two  layers  of  long  polyg- 
onal cells.  In  the  deeper  parts  of  the  hair  root  there  are 
distinct  nuclei,  while  in  the  upper  parts  these  are  entirely  absent 
or  only  fragmentary.  The  third  and  outerinost  layer  of  the 
inner  root  sheath  is  the  sheath  of  Herde,  Ihis  consists 
of  a layer  of  long  flat  cells,  which  in  the  region  of  the  bulb 
possess  oval  nuclei.  In  the  upper  parts  we  find  with  the 
progressive  cornification  only  nuclear  vestiges.  The  differenee 
between  the  cells  of  the  inner  root  sheath  at  various  j^laces 
depends  on  the  process  of  cornification,  which  increases  from 
below  ujnvard. 

The  Older  root  sheath  has  the  character  of  the  stratum  gei-mi- 
nativum  of  the  skin.  The  cells  possess  intercellular  bridges 
and  a fibrillär  protoplasm. 

The  connective-tissue  hair  foUicle  consists  of  three  layers. 
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tlie  innermost  of  wliicli  lies  immediately  on  tlie  outer  root 
sheath,  and  is  known  as  tlie  hyaline  layer  (Glasliaut).  Tliis 
varies  in  tliickness,  and  is  soinetinies  liardly  visible.  Its  inner 
surface  is  distinctly  grooved.  Outside  tlie  hyaline  layer  we 
find  tlie  circular  sheath,  in  wliicli  biindles  of  connective-tissne 
fibres  run  around  tlie  liair  root.  Tliis  extends  froni  tlie  bot- 
tom  of  tlie  follicle  to  tlie  level  of  tlie  sebaceous  glands.  Outside 
the  circular  slieatli  tliere  are  loimitudinal  bundles  of  connective- 
tissLie  fibres  containing  vessels  and  nerves. 


Development  of  Hairs. 

Altliourfi  the  hair  with  its  root  sheaths  is  a somewhat 

o 

complicated  structure,  all  the  various  parts  are  found  to  have 
a common  origin  in  the  stratum  yerminativum  of  the  skin. 
Toward  the  end  of  the  third  nionth  of  foetal  life  epithelial 
thickenings  appear  in  those  places  where  hairs  are  to  develop 
(Fig.  247).  In  cdnsequence  of  the  farther  increase  of  cells 


Fig.  247. 
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Vertical  sectioii  through  the  scalp  of  a human  embryo  of  the  fifth  moiith.  x 230. 

the  epiderrnis  dips  down  into  the  corium  in  the  form  of  solid 
epidermal  columns,  each  of  wliicli  fornis  a hair  gerni.  Tliis 
increases  in  lengtli  and  becomes  thicker  at  its  lower  end.  At 
this  time  we  notice  that  the  corium  is  differentiated  to  form  the 
hau  follicle  , and  the  connective-tissue  papilla  grows  u]i  from 
the  corium  into  the  bulb  of  the  hair.  Aharious  differentiations 
now  take  place  in  the  cells  of  the  hair  germ.  The  axial  cells 
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give  origiii  to  tlie  true  luiir ; wliile  tlie  cells  lying  around  tliis 
form  tlie  inner  root  slieath.  The  inore  periplieral  cells  go  to 
make  up  tlie  outer  root  sheatli  (Fig.  248). 


Fig.  248. 
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From  a vertical  section  through  the  scalp  of  a human  emhrjm  of  the  sixth  month.  X 150. 


The  arowth  of  the  hair  and  the  inner 


root  sheath  takes 


place  f]*om  the  region  of  the  papilla  to  the  outer  surface  of  the 
skin  ; while  the  onter  root  sheath  grows  from  the  hair  follicle 
toward  the  axis  of  the  hair.  The  mother  cells  for  the  outer 
root  sheath  are  the  cells  of  the  outermost  layer  of  this  sheath  ; 


while  the  matrix  of  the  hair  and  inner  root  sheath  is  made  uj) 
of  the  cells  at  the  lower  end  of  the  hair  bulb  immediatelv 
bordering  on  the  liaii*  papilla.  These  cells  are  the  same 

at  this  Stage  for  the  various  layers  of  the  hair  and  inner  root 
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sheath.  They  are  undifferentiated,  and  do  not  yet  sliow  tlie 
characteristics  by  wliicli  tlie  cells  of  these  individual  layers  are 
distingnislied.  The  matrix  cells  of  all  layers  ai*e  cylindidcal 
or  polygonal  cells,  rieh  in  protoplasni.  All  tlie  sheatlis  do  not 
show  a cornification  at  tlie  same  level,  and  tlie  keratoliyaline 
grannles  or  eleidin  droplets  cannot  be  recognized  in  all  of 
tliein.  The  cortical  snbstance  and  ciiticula  pili  become  eorneons 
without  the  jiresence  of  keratoliyaline  grannles,  while  in  the 
medullary  snbstance  there  can  usually  be  recognized  drojilets  of 
keratoliyaline.  We  find  tliis  snbstance  in  all  three  layers  of  the 
inner  root  sheath  (Fig.  24(3).  In  the  deeper  parts  the  grannles 
are  present  in  Henle’s  sheath.  Farther  toward  the  snrface  they 
are  inore  abundant,  until  finally  we  conie  to  cells  with  rudi- 
mentary  niiclei  and  eorneons  contents.  We  tlius  see  tliat  in 
the  inner  root  sheath  the  growtli  as  well  as  the  process  of 
cornification  takes  place  from  below  ii])ward  to  the  surfiice 
of  the  skin. 

The  bull)  of  the  hair  which  is  about  to  fall  ont  becomes 
eorneons,  separates  froni  the  papilla,  and  splits  np  into  many 
fibres.  Such  a dying  hair  loses  its  connection  with  the  papilla 
in  consequence  of  an  increase  in  the  cells  of  the  root  sheatlis. 
The  root  sheatlis,  being  empty,  form  between  the  pa2)illa  and 
the  lower  thickenino;  of  the  dead  hair  a cord-like  niass  of  cells 
(Fig.  249).  In  place  of  such  a hair  there  apjiears  a new  hair, 
formed  by  a multiplication  of  epithelial  cells.  This  rests  on 
the  2)a2)illa  and  grows  U2)ward  until  the  first  hair  is  forced 
out. 


In  connection  with  hairs,  we  must  speak  of  the  bnndles 
of  smooth  muscle  cells  making  np  the  so-called  arrectores 
'piloTum^  since  these  are  connected  directly  with  the  hair  follicle. 
These  bundles  liave  their  origin  in  the  stratum  papillare  of  the 
coriiim,  and  are  inserted  at  the  lower  part  of  the  hair  follicle. 
The  hairs  are  inserted  always  in  the  skin  at  an  aimle  to  the 
snrface.  On  the  side  where  the  hair  follicle  forms  an  obtuse 
angle  with  the  skin  surfiice  there  is  fastened  a bündle  of 
smooth  muscle  fibres.  The  contraction  of  these  fibres  causes 
an  erection  of  the  hair.  The  simultaneous  formation  of  a de- 
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pression  at  tlie  place  wliere  tlie  upper  eiid  of  tlie  muscle  is 
fastened,  and  tlie  elevatioii  of  tlie  parts  immediately  surrouiid- 
ing  tlie  liair,  give  rise  to  tlie  appearance  commoiily  knowii  as 
goose-skin.  Siiice  tlie  sebaceous  glaiids  are  foiiiid  between  tlie 
liair  and  tlie  muscle,  tlie  contractioii  of  tlie  latter  raay  assist 

Fig.  249. 


From  a vertical  section  of  the  scalp  of  a human  adult.  In  the  centre  there  is  a hair  falling 

out  (club  hair).  X 43. 

also  in  the  discliarge  of  the  coiiteiits  of  the  gland  iiito  tlie 
hair  follicle. 

The  hair  follicle  is  siipplied  with  blood  throiigh  a tliick 
network  of  capillary  vessels,  which  is  situated  in  the  region 
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of  the  livaline  membrane,  and  by  capillary  loops  wliicli  enter 
tlie  papilla. 

Little  is  known  concerning  tlie  nerve-eiulings  of  tlie  liurnan 
liair.  In  other  inammals  tlie  nerves  end  belovv  tlie  sebaceous 
glands.  Medullated  fibres  lose  tlieir  niedullary  slieatlis,  divide, 
and  penetrate  to  tlie  hyaline  menibrane.  Here  some  of  tlie 
branclies  encircle  tlie  liair,  wliile  otliers  end  freely  on  tlie 
hyaline  menibrane  as  naked  axis  eylinders.  These  brauch 
regularly  and  riin  parallel  to  the  long  axis  of  the  liair. 

The  so-called  tactile  hairs  of  niany  manimals  show  an 
especially  rieh  innervation.  They  are  characterized  by  the 
presence  of  well-developed  blood  spaces  in  the  walls  of  the 
liair  folliele,  and  are  therefore  known  also  as  sinm  hairs. 
In  these  hairs  especially  two  kinds  of  nerve-endings  are  to 
be  noted : 

(a)  The  endings  on  the  oiiter  surface  of  the  hyaline  meni- 
brane in  the  form  of  free  arborizations ; and 

{b)  The  endings  ander  the  hyaline  menibrane  in  the  outer 
root  slieath.  These  terminate  by  means  of  tactile  menisci, 
which  are  in  contact  with  tactile  cells.  They  resemble 
strongly  the  tactile  corpuscles  of  Merkel. 

(c)  Nails. 

The  nail  is  an  epidermal  structure.  It  lies  on  the  corinni, 
which  forins  the  so-called  nail  bed,  and  is  siirrounded  by  the 
nail  wall,  which  is  formed  from  the  skin  (Figs.  250  and  252). 
Between  the  nail  wall  and  nail  bed  there  is  a groove,  called 
the  nail  groove.  The  part  of  the  nail  visible  to  the  naked 
eye  is  called  the  nail  body,  while  the  posterior  portion  which 
lies  ander  the  skin  is  the  nail  root. 

The  connective-tissae  nail  bed  forms  rid^s  rannino-  for- 
ward  along  the  nail  and  from  the  middle  line  oat  to  the  sides. 
These  become  higher  toward  the  free  end  of  the  nail,  where 
they  aie  aboat  0.22  mm.  M here  the  nail  bed  ends,  in  front, 
we  nsaally  find  skin  papillae. 

In  the  nail  bed  lies  the  nail,  which  consists  of  two  parts : a 
soft  layer,  which  represents  the  Malpighian  layer  of  the  skin  ; 
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aiul  the  hard,  coriieous  part  or  true  iiail.  The  Malpigliian 
layer  of  the  iiail,  which  coiisists  of  polygonal  prickle  cells,  filLs 
the  spaces  between  the  furrows  of  the  nail  bed  and  covers  it 
with  several  layers  of  cells  (Figs.  252  and  253).  The  Mal- 
pighian  layer  of  the  nail  iinder  the  nail  root  is  much  more 
strongly  developed,  and  is  known  as  the  matrix  unguis  (Fig. 
250),  because  from  this  place  the  growth  of  the  nail  takes 
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place.  The  matrix  is  conspicuous  as  the  whiter  part  of  the 
nail,  and  ends  anteriorly  in  a curved  line,  and  forms  the  so- 
called  lunida.  Here  Ave  lind  a stratum  granulosum,  which 
does  not  occur  in  the  nail  region. 

Tiie  cells  of  the  nail  itself  are  flat  and  horny,  and  in  them 
can  be  seen  distinct  nuclear  remains.  By  the  joining  together 
of  inanv  of  such  cells  the  so-called  nail  leaves  are  formed. 
These  overlie  one  another  like  tiles.  The  white  areas  often 
seen  in  nails  are  due  to  air  bubbles  which  collect  between 
the  leaves. 

As  the  Malpigliian  layer  of  the  nail  groove  passes  over 
into  that  of  the  skin  in  the  nail  wall,  a stratum  cornenm 
appears,  which  covers  a ])art  of  the  iipper  surlace  of  the  nail 
and  forms  the  ejpomjchium.  At  the  anterior  border  of  the 
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iiail  tlie  Malpigliian  layer  of  the  skin  passes  over  into  tliat 
of  the  nail.  The  latter  is  covered  over  at  tliis  place  of 
traiisitioii  by  a horny  layer,  which  extends  along  on  the 
lower  siirface  of  the  free  iiail  border,  and  is  knowii  as  the 
hijponyckmni. 

Fig.  253. 


» » ' ’i 

-.V.  jx?,. 


".'■■■r:  'T'substance 


_Ri(lfies  of 
nail  bed 


'-**  ' \ . i i j Comieeth-e 


rx. 


- . _ Cm 

^ y / 'p^—tissae  of 

" T ■ ' ='J  n a il  bed 

' ßf^^‘\^Fdood-ressel 


J-  OL -r^CC  0 7^ 

Transverse  section  through  tlie  nail  body.  X 280. 


The  growth  of  tlie  nail  proceeds,  froin  behind,  forward,  by 
a progressive  transformation  of  the  inatrix  cells  into  trne  nail 
cells.  This  takes  place  at  the  posterior  and  lateral  borders, 
as  well  as  the  lower  and  often  the  upper  surface  of  the  nail 
root.  In  conseqnence  of  this  the  nail  is  pnshed  forward, 
while  the  Malpigliian  layer  does  not  cliange  its  position. 


{dy  Glands  of  the  Skin. 

Sebaceous  Glands. 

The  sebaceous  glands,  wdiicli  are  distribnted  over  almost  the 
entire  surface  of  the  body,  are  found  nsnally  in  connection  witli 
hair  follicles ; hence  the  naine  hair  follicle  glands.  Only  ex- 
ceptionally  do  we  find  tliem  in  parts  which  are  devoid  of  liairs 
{e.  g.,  the  red  borders  of  the  lips,  the  labia  minora,  the  glans 


332 


MWROSCOPKJ  AN  ATOM  Y OF  TUE  ORGANS. 


peiiis,  and  [)repuce  (Tyson’s  glands)).  Tliey  are  wanting  in 
the  palms  of  tlie  hands  and  soles  of  tiie  feet. 

They  are  simple  or  branched  alveolar  single  glands,  club- 
like  or  pyriform.  Tlieir  size  varies  from  0.2  mm.  to  2.2  mm. 

Fig.  254. 


Sebaceons  gland  from  the  human  scalp.  X 120. 


in  length.  The  largest  are  found  often  associated  witli  small, 
tliin  hairs,  such  as  those  in  the  nose.  Their  ducts  open  into 
the  iippei*  third  of  the  hair  folliele. 

Sebaceons  o;lands  are  surrounded  bv  a connective-tissne 
capsule  which  originates  in  the  hair  folliele  or  in  tlie  corium 
itself.  The  glands  consist  of  epithelial  cells  which  come  from 
the  outer  root  sheath  ; or,  if  the  gland  is  not  in  connection 
with  a hair,  from  the  epidermis  of  the  skin.  The  epithelial 
cells  forming  the  neck  of  the  gland  retain  unchanged  the 
characteristics  of  the  cells  from  which  they  arise.  In  the 
body  of  the  gland,  however,  they  are  modified  soniewhat  by 
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tlie  Collection  of  fixt  globiiles  in  tlie  protoplasm  of  tlie  cells. 
The  cells  Ivins;  in  tlie  middle  of  tlie  gland  and  in  tlie  linnen 

O o 

of  tlie  dnct  are  inost  niarkedly  clianged.  Here  almost  tlie 
entire  [irotoplasm  is  converted  into  fat,  tlie  small  globales  of 
wliicli  coalesceto  form  larger  drops.  The  niiclei  of  tliese  cells 
become  shrnnken  and  dead  ; while  the  cell  itself  disintegrates 
and  goes  to  form  a part  of  the  glandnlar  secretion.  We  see 
that  the  deatli  of  tlie  cells  is  necessary  for  the  production  of 
the  secretion,  which  is  in  part  fornied  in  the  cells  diiring  life. 
While  the  cells  in  the  middle  of  the  gland  are  destroyed  to 
form  the  sebnm,  other  cells  are  added  by  the  division  and 
multiplication  of  the  peripheral  cells.  At  the  end  of  the  fourth 
month  of  foetal  life  these  sflands  be2;in  as  solid  onts^rowths  of 
the  outer  root  sheath.  Tliose  which  have  no  connection  with 
hairs  appear  as  down-growths  of  the  Malpighian  layer  of  the 
epidermis  into  the  corium. 


Sweat  Glands. 

Sweat  glands  (glandnlae  sudoriparae)  are  distributed  over 
the  whole  surface  of  the  skin,  with  the  exception  of  the  inner 
siirface  of  the  prepuce,  the  glans  penis,  and  the  red  border  of 
the  lips.  They  are  as  a^rule  simple  tubulär  glands,  and  only 
exceptionally  are  branched  {e.  g.^  the  axillary  and  circumanal 
glands).  The  name  coil  gland  is  applied  to  them  on  account 
of  the  shape  of  their  lower  part. 

In  these  glands  two  parts  are  to  be  distinguished  : the  dnct, 
and  the  lower  secreting  part,  which  forms  a coil  and  ends 
blindly  (Fig.  241).  The  body  of  the  gland  is  fonnd  at  the 
border  between  the  corium  and  the  subciitaneous  tissne,  or 
may  be  sitiiated  entirely  in  the  subcntaneons  fat.  The  Inmen 
of  the  secreting  part  of  the  tubules  is  greater  tlian  that  of 
the  dnct. 

In  the  dnct  tliere  are  two  parts;  one  in  the  corium,  and 
the  other  in  the  epidermis.  The  former  is  coiled  slightly, 
and  possesses  triie  walls ; while  the  part  in  the  epidermis 
presents  no  walls  of  its  own.  The  dnct  always  entei’s  the 
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epidermis  between  tlie  papillse  and  opeiis  on  tlie  surface  of 
the  Stratum  corneiun  by  a round  sweat  pore  (Fig.  241). 

In  tlie  secreting  coiled  portion  of  tlie  gland  (Fig.  255)  tlie 
wall  of  tlie  tubule  consists  of  a layer  of  cubical  epitlielium,  the 
cells  of  wliicli  contain  a finely  granulär  proto^ilasni.  Tliis  often 
includes  fat  droplets  and  brown  pigment  granules,  and  possesses 
on  the  free  surface  of  the  cell  a cuticle.  Outside  these  gland 
cells  we  always  find  in  the  larger  glands  a longitudinal  layer 


Fig.  255. 
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of  spindle-sliaped  sniooth  muscle  cells.  Outside  tliis  there  is 
a connective-tissue  memhrana  propna  surrounding  the  whole 
tubule.  That  part  of  the  menibrana  propria  immediately 
adjacent  to  the  gland  is  thin  and  homogeneous,  and  fornis  the 
basal  memhrane. 

The  part  of  the  duct  which  is  present  in  the  corinm  difiers 
from  the  secreting  tubules  in  that  there  Ife  ^ 

epithelial  cells  in  place  of  the  smooth  muscle  elements.  ihe 
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whole  wall  coiisists  of  two  layers  of  epithelial  cells  and  a tiinica 
propria.  On  entering  tlie  epitlermis  tlie  duct  becoines  s|)irally 
coiled.  It  loses  its  own  wall  and  is  bonnded  by  tlie  cells  of 
tlie  epiderniis  in  wliicli  it  lies.  The  cells  of  the  Malpighian 
layer  of  the  epiderniis  arrange  theniselves  concentrically  aroiind 
the  luinen.  The  stratum  graiiulosuni  turiis  and  follows  the 
duct  down  ward  for  a short  distance  (Fig.  244). 

The  sweat  glands  develop  in  the  fiftli  niontli  of  embryonic 
life  as  a solid  ontgrowth  of  the  Malpighian  layer.  In  the 
conrse  of  growth  they  become  slightly  coiled,  and  in  the 
seventh  month  possess  a Ininen. 

Sweat  glands  are  supplied  richly  with  nerves.  Non-medul- 
lated  fibres  form  a fine  network  on  the  outer  surface  of  the 
inembrana  propria,  from  which  fine  fibres  pass  through  the 
basal  membrane.  These  end  on  the  surfaces  of  the  gland  cells 
by  means  of  ßne  end  bulbs. 


(e)  Vessels  and  Nerves  of  the  Skin. 

The  n umher  and  diameter  of  vessels  in  the  skin  varies 
according  to  the  region  studied.  The  blood  supply  is  greatest 
in  those  places  which  are  subject  to  pressure  {e.  g.,  the  gluteal 
regions,  the  palms  of  the  hands,  and  the  soles  of  the  feet). 
The  branching  is  greatest  in  parts  which  are  most  movable. 
(Spalteholz). 

The  arteries  enter  the  corium  and  anastomose  to  form  the 
cutaneous  network.  From  this,  brauch  es  arise,  which  pass 
upward  toward  the  epiderniis,  and  before  reaching  it  anasto- 
mose with  one  another  to  form  the  subpapiUarg  network  (Figs. 
256  and  257).  Small  capillary  end  branches  proeeed  from  the 
latter  network  into  the  papillae,  foriiiing  capillary  loops.  These 
give  origin  to  the  veins.  Branches  from  the  cutaneous  network 
form  a.  dense  plexns  around  the  subcutaneous  fat,  and  around 
the  bodies  of  the  sweat  glands  (Fig.  256). 

The  veins  begin  in  the  papillae  and  form  fonr  distinct  net- 
works  parallel  to  the  surface.  The  most  superficial  lies  imme- 
diately  under  the  papillae.  From  this,  irregulär  branches  run 
down  to  the  second  plexus,  the  meshes  of  which  are  small  and 


336 


MICROSCOPIC  ANATOMY  OF  TUE  ORGANS. 


quadraiigular.  Passing  deeper,  the  veins  form  a tliird  network 
in  the  lower  part  ol  tlie  eoriuin,  witli  large  irregulär  meslies. 
The  fourth  plexus  is  formed  betweeii  the  corium  and  suhcutis. 
These  are  all  shown  in  the  reeonstruction  taken  from  the  work 
ot  Öpalteholz  (Fig.  257).  Tlie  circular  muscle  layer  disappears 
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in  the  arteries  in  tlie  middle  of  the  cutis,  and  in  the  veins  ap- 
peai’s  in  the  fourth  jilexus,  where  valves  also  are  found  first. 

The  h/mph-vesseh  form  a fine,  dose  plexus  spread  out  in 
the  Stratum  ]mpillare,  from  which  loops  are  sent  to  the  papillse. 
The  larger  vessels  passing  into  the  depths  from  this  plexus 
anastomose  in  the  Stratum  subcutaneum,  to  give  rise  to  a 
second  coarser  network. 

Nerves  are  present  everywhere  in  the  skin,  while  certain 
regions  are  supplied  specially  (e.  g.,  soles  of  the  feet,  palms  of 
the  hands,  externa!  genitals).  Numerous  forms  of  nerve- 
endings  are  present.  We  find  free  intra-epithelial  nerve- 
endings,  and  iVIerkers  tactile  corpuscles  in  the  epidermis  ; 
Meissner’s  tactile  corpuscles,  and  end  bnlbs  in  the  papill?e; 
and  Vater-Pacinian,  Puffin i’s,  and  other  corpuscles  in  the 
subcutis. 
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(/)  Mammary  Gland. 

The  mammary  gland  is  a cutaneous  gland,  which  is  present 
in  botli  sexes,  and  up  to  tlie  beginning  of  puberty  is  not  well 
developed.  Its  e])ithelial  beginning  (milk  line  or  ridge)  is  seen 
in  tlie  first  months  of  embryonic  life.  After  tlie  commence- 
ment  of  puberty  tlie  gland  eontinnes  to  develop  in  tlie  female, 
but  under2;oes  a retro<xression  in  tlie  male.  The  hi«;hest  de- 
velopment  in  the  female  is  reaehed  at  the  end  of  pregnancy. 
Shortly  after  the  birth  of  the  child  the  milk  secretion  or 
lactation  be2:ins.  The  fnnction  of  the  mammarv  ^land  is 
thns  dependent  on  the  sexual  life. 

Before  puberty  this  whole  organ,  in  both  sexes,  consists 
of  connective  tissue  in  which  branched  tubules  are  imbedded. 
These  represent  the  ducts  of  the  completely  developed  gland, 
and  end  blindly  in  saccular  dilatations.  In  the  adult  female 
there  occur  branched  tubulär  gland  bodies,  but  it  is  only  dur- 
ing  pregnancy  that  these  develop  in  large  cpiantities  at  the 
sides  of  the  branched  ducts.  The  newlv  formed  branches  of 

4' 

the  gland  bodies  possess  also  side  twigs. 

The  weli-developed  mammary  gland  (at  the  end  of  preg- 
nancy and  during  lactation)  consists  of  fifteen  to  twenty 
conical  lobes,  which  are  arranged  radially.  Each  lobe  con- 
sists of  numerous  srnaller  lohules,  which  re[)resent  a lai-ge  group 
of  gland  bodies  lying  dose  together.  These  have  the  form  of 
alveoli,  and  lead  into  small  ducts,  which  join  to  form  the  duct 
of  the  mammary  gland.  Before  the  latter  opens  to  the  outside 
through  the  nipple,  it  is  widened  to  form  the  sinus  lactiferus, 
Each  individual  lobe  represents  really  a separate  compound 
alveolar  gland,  since  it  opens  into  the  nipple  by  an  orifice  of  its 
own,  the  porus  lactiferus.  The  individual  lobes  are  separated 

connective  tissue,  which  often  con- 

tains  a quantity  of  fat. 

The  filier  structure  of  the  alveolus  (Fig.  258)  differs  accord- 

ing  to  whether  it  is  at  rest  or  seci*eting.  When  at  rest,  the 

round  or  pyriforrn  alveoli  are  small  and  lined  with  cubical 

granulär  epithelial  cells.  During  the  transition  to  the  active 
22 
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state  (at  tlie  end  of  pregiiaiicy)  tlie  alveoli  increase  in  size,  iiu- 
inerous  leueocytes  find  tlieir  way  into  the  lumeiia  of  tlie  alveoli, 
and  the  granulär  epithelial  cells  begin  tlie  formation  of  fat. 
These  fat  globules  are  taken  np  by  the  leueocytes,  which  are 
thus  con verteil  into  colostrum  corpuscles.  After  the  birth  of 
the  child  the  gland  cells  beconie  larger  and  the  production  of 
fat  increases.  The  walls  of  the  alveoli  now  consist  of  hisfli 

o 

cylindrical  gland  cells  full  of  secretioii,  and  also  lower  cells 
which  have  been  emptied  of  tlieir  contents.  The  part  of  the 

Fig.  ‘258. 
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Part  of  a transverse  section  of  the  mammary  gland  of  a guinea-pig  during  lactation.  X 500. 

cell  bordering  on  the  lunien  especially  undergoes  fatty  cliange. 
When  this  secretion  escapes,  the  part  of  the  cell  containing  the 
nucleus  regenerates  the  whole  cell.  This  process  may  take  place 
many  times.  The  whole  cell  does  not  disintegrate,  as  is  the 
case  in  the  sebaceous  o’lands.  Mitotic  division  is  observed 

o 

often  in  these  cells,  wliile,  on  the  contrary,  extruded  nuclei 
are  found  free  in  the  ln  men  of  the  alveolus. 

The  memhrmia  propria  of  the  alveolus  is  honiogeneous, 
and  contains  on  its  inner  surface  stellate  hasket  cells,  which 
Surround  the  gland  cells  by  long  processes. 


MAMMAHY  GLANlJ. 


In  A irland  wliicli  luis  ceased  to  fuiiction,  tlie  iiiterstitial 
coniiective  tissue  beconies  relatively  iiiore  abundant  and  tlie 
gland  alveoli  tend  to  disappear. 

The  ducts  are  lined  witli  a single  layer  of  cylindrical  epi- 
thelinin,  whieli  in  the  neigliborhood  of  the  external  orilice 
passes  over  into  stratified  Hat  e[)ithelinni.  Outside,  tlie  dnet 
is  clotlied  witli  a circailar  layer  of  connective  tissue  contain- 
iim  elastic  libres. 

Düring  the  cliniacteric  the  gland  nndergoes  involution,  the 
alveoli  and  ducts  decreasing  greatly  in  nuniber  and  size. 

The  skin  of  the  nipple  and  its  near  neigliborhood  is  strongly 
])igmented.  ft  contains  large  papillae  and  sinooth  muscle 
cells  which  run  in  part  circularly  around  the  openings  of  the 
<lucts  and  in  part  longitudinally  in  the  ni[)ple.  The  skin  of 
the  region  imniediately  around  the  nip|>le  (areola)  contains, 
besides  large  sweat  glands,  niany  (about  twelve)  sebaceous 
glands  of  considerable  size,  the  so-called  Montgomery's  (jknnh 
(glandulae  areolares).  The  structure  of  the  latter  fornis  a 
transition  between  the  sebaceous  and  mamniary  glands.  They 
increase  in  size  during  pregnancy. 

The  blood-vessels  entering  the  gland  parenchyma  froin 
different  sides  break  up  into  a fine  capillary  plexus,  which 
surrounds  the  gland  ducts  and  alveoli.  The  lymph-vesseh 
run  in  the  form  of  capillary  networks,  both  in  tlie  interstitial 
connective  tissue  and  in  the  skin  of  tlie  nipple  and  areola. 
The  nerves  entering  the  manimary  gland  in  part  supply  the 
blood-vessels,  and  partly  end  in  the  gland  parenchyma,  as 
in  the  salivary  glands.  In  the  skin  of  the  nipple  and  in  the 
end  dilatations  of  the  larger  ducts  tliere  are  found  Meissner’s 
and  Vater-Pacinian  tactile  corjniscles  (W.  Krause). 

The  secretion  of  the  mammarv  gland — the  milk — is  an 

c/  O 

emulsion  of  fat  droplets,  whose  size  varies  from  1 to  5 y in 
diameter.  Each  fat  globule  is  surrounded  liy  a layer  of  casein. 
which  prevents  their  coalescence  witli  one  another. 

1 he  colmirum,  which  is  present  in  the  mammarv  gland 
befoi-e  and  in  tlie  first  two  or  tliree  davs  after  tlie  hirtli  of  the 
ehild,  contains  fat  drops  and  colostrum  corpnscles.  These 
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cells  are  nucleated,  and  incliide  in  their  protoplasrn  rnany 
free  fat  globales.  They  are  derived  probably  from  lencocytes 
wliicli  liave  wandered  into  the  luinen  of  tlie  alveolus.  Sorne 

OS  1 e^  ard  tliem  as  gland  cells  whicli  liave  nndergone 
fatty  cbange. 


2.  VISUAL  ORGAN. 

The  true  organ  of  vision  consists  of  the  eyeball  {hulhus  ocuW) 
and  the  optic  nerve.  Besides  these  there  are  prolective  struct- 
ures,  the  eyelids  and  the  laehrymal  apparatus. 


{a)  Eyeball. 

ln  the  walls  of  the  eyeball  tliere  are  three  layers : 

(1)  Tuiiiea  externa  seit  ßbrosa,  which  consists  of  the  opaque 
sclera  and  the  transparent  anterior  part,  the  cornea. 

(2)  Tunica  media  seu  vaseulosa,  which  is  rnade  up  of  the 
choroidea,  the  eiliary  body,  and  the  iris. 

(3)  Tuniea  interna,  which  consists  of  the  retina. 

The  eyeball  contains  in  its  interior  the  aqueous  and  vitreoin^ 
humors  and  the  levi^  crystallina. 


(i)  Tvnica  Externa. 

The  cornea  (Fig.  259)  is  a membrane  varying  in  thickness 
from  0.8  to  1.1  nun.  Jn  it  can  be  inade  out  five  layers,  which 
from  in  front  backward  are  as  fcollows : 

(1)  The  anterior  epithelial  layer  (corneal  epithelium)  ; 

(2)  The  lamina  elastica  anterior; 

(3)  The  substantia  propria  corneae  ; 

(4)  The  lamina  elastica,  posterior; 

(5)  The  posterior  epithelial  layer  (corneal  endotheliumj. 
(1)  The  most  superficial  sheath  consists  of  five  to  eight 

layers  of  epithelial  cells;  the  deepest  of  which  are  cylindrical. 
These  pass  over  into  lower  ]iolygonal  cells,  which  at  the  sui‘- 
face  become  fiat,  but  are  alwavs  nucleated.  Resfeneration  takes 
place  in  the  bas^d  cylindricid  cells,  in  which  karyokinetic 
figures  are  found  not  infrequently.  The  cells  are  bound 
toiiether  bv  intercellular  bridires,  as  in  the  skin.  The  lower 


PLATE  LI 


epitheUnm 


Fig.  259.— Vertical  sectioii  Lrougli  tlie  curuea  of  a iiewboru  chiUl,  X 2(H». 
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öLirlkce  of  tliis  epitheliiim  is  smootli,  öiiice  the  connective 
tissue  there  is  wantiiig  in  papilke.  At  the  border  of  the 
cornea  tliis  epitheliuni  passes  over  into  tliat  of  the  coiijunctiva. 

(2)  The  lamina  elastica  anterior  (Eowman’s  niembraiie, 
anterior  basal  memhrane)  is  strongly  developed  in  man,  vary- 
ing  from  0.01  to  0.02  mm.  in  tliickness.  It  is  a homogeneons 
refractive  memhrane.  Ey  means  of  certain  reagents  (potassium 
permanganate)  fibrilhe  can  he  demonstrated  in  it.  The  anterior 
surface  presents  minnte  inequalities,  which  correspond  with 
projections  and  depressions  on  the  under  surface  of  the  basal 
cells. 


(3)  The  substantia  projyria  forms  the  rnain  mass  of  the  cornea. 
It  consists  of  connective-tissue  fihrillae,  which  are  hound 
to^ether  into  flat  laniellm  bv  means  of  inteidihrillar  cement 
suhstance.  There  are  in  man  ahout  sixty  of  these  lamella! 
overlying  one  another  and  running  parallel  to  the  surface  of 
the  cornea.  They  are  joined  together  hy  interlamellar  cement 
suhstance.  The  fihrillae  run  in  different  directions  .and  cross 
one  another  at  various  angles.  A fevv  bundles  , run  obliquely 
and  join  the  individual  larnellae  with  one  another.  These  are 
the  so-called  fibree  arcuatw. 

Through  the  entire  substantia  propria  there  runs  a System 
oi  canals  and  spaces  which  contain  a serous  fluid.  Tliis  System 
can  he  demonstrated  most  easily  by  impregnation  with  silver 
or  Chloride  of  gold.  The  former  gives  a negative  picture — i.  e.^ 
the  canals  and  spaces  are  colorless  on  a brown  background. 
Ey  the  gold  method,  on  the  contrary,  a jiositive  picture  is 
obtained,  in  which  the  canal  System  is  colored  violet  (Fig. 
260).  In  the  spaces  lie  Hat  connective-tissue  cells  possessing 
rnany  processes  and  large  nuclei.  These  so-called  fixed  corneal 


cells  lie  dose  to  the  walls  of  the  spaces.  Wandering  cells.  also 
oecur  in  the  cornea. 

(4)  The  lamina  elastica  posterior  (Descemet’s  memhrane, 
posterior  basal  memhrane)  is  a refractive  me.mbrane  only 
0.006  mm.  thick.  It  has  been  desci'ibed  as  an  elastic  mem- 
brane,  but,  according  to  Mall,  does  not  stain  by  Weigert’s 
elastic  stain. 
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(5)  The  conieat  endotJieliuni  (posterior  epitlielial  laver) 
eonsists  of  a layer  of  low  hexagonal  cells,  whose  protoj)lasni 
is  rieh  in  fibrils.  These  seein  to  pass  from  one  cell  to  another, 
as  in  the  stratnm  spinosnm  of  the  epiderinis. 

The  sclera  has  a strneture  siinilar  to  that  of  the  substantia 
propria  corneae.  It  possesses,  however,  imnierous  elastic  fibres, 
of  which  a part  form  networks.  The  Hat  connective-tissue 
cells  lie  in  irregularly  branched  spaces.  The  connective-tissne 
fibrils  are  arranged  in  layers  in  such  a way  that  those  of  one 
layer  have  a meridional  and  those  of  another  an  equatorial 


Fig.  260. 


Corneal  cell  in 

Lymph  canaliculi  lymph  space 


From  a horizontal  section  of  an  ox’s  coriiea.  Positive  pietnre  of  the  canal  System 
deinonstrated  hy  the  jjold  cliloride  nielliod.  K 4ö(). 


direction.  The  sclera  shows  in  certain  places  collections  ot 
pigment  {e.  (/.,  at  the  border  of  the  cornea,  and  in  the  neigh- 
borhood  of  the  entrance  of  the  o])tic  nerve). 

On  the  inner  snrface  of  the  sclera  we  find  a loose  connective 
tissne  arraimed  in  thin  lavers.  This  contains  branched  pig- 
ment  cells  and  joins  the  sclera  to  the  chorioidea.  In  sep- 
arating  these  layers  a part  ol  the  connective  tissne  remains 
with  the  sclera,  and  a part  adheres  to  the  chorioidea.  We  dis- 
tiimnish  this  connective-tissne  laver  as  the  lamina  fusca  slerm 
or  lamina  svjirachonoidea.  At  the  place  where  the  optic  nerve 
penetrates  the  sclera  we  find  only  a remnant  of  the  layer  in  the 
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form  of  a reticular  network,  the  so-called  lamina  cribrosa. 
The  eye  muscles  attach  themselves  to  tlie  sclera  in  such  a way 
tliat  their  teiidons  pass  over  into  tlie  fibril  bundles  of  the 
sclera.  The  unter  surface  of  the  sclera  borders  on  the  con- 
junctiva  sclerm,  with  which  it  is  bouud  by  the  loose  subcon- 
junctival  eonnective  tissue. 


[2)  Tuniea  Media. 

In  the  chorioidea  we  distinguish  several  layers  (Fig.  261) : 

1.  The  lamina  vasculosa  is  the  outermost  layer,  and  is  adja- 
cent  to  the  lamina  suprachorioidea.  It  contains  large  blood- 
vessels,  the  brau  dies  of  the  venae  ciliares  posticae,  and  the 
arteriae  ciliares  posticae  brevis.  The  ground  substance  consists 


Fig.  261„ 
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of  eonnective  tissue  with  fine  elastic  übre  networks.  tn  it  there 
are  veins  surrounded  by  lymph  spaces.  Numerous  pigment 
cells  are  present,  and  running  along  the  arteries  are  bundles 
of  smooth  muscle  cells  and  fiat  liranched  cells. 

2.  The  lamum  cltoriocapiUaris  lies  internal  to  the  lamina 
vasculosa.  It  consists  of  a small  amount  of  ground  substance 
containing  a capillary  plexus,  which  is  more  dense  in  the  region 
of  the  macula  lutea.  No  pigment  is  present. 

3.  The  lamina  bamlis  is  a highiy  refractive,  delicate  mein- 
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braue  whicli  lies  oii  tlie  inner  snrlace  of  tlie  cliorioidea  and 
borders  on  the  pigment  epitlielium  of  tlie  retina. 

The  Corpus  ciliare  is  to  be  regarded  as  a proeess  of  the 
cliorioidea,  whicli  reaclies  from  the  ora  serrata  to  the  oiiter- 
niost  borders  of  the  iris.  It  consists  of  the  so-called  orbiculus 
ciliares,  the  processus  ciliares  (corona  ciliaris),  and  the  musculus 
ciliar  is. 

The  orbiculus  ciliaris  differs  in  structnre  froin  tlie  cho- 
rioidea  in  tliat  it  contains  no  lamina  choriocapillaris.  The 
lainina  basalis  is  thickened  to  form  intercrossins:  rido-es,  with 
dejiressions  between  whicli  are  filled  with  retinal  pigment 
epitlielium.  The  vessels  and  niuscle  biindles  belonging  to 
this  reo'ion  rmi  in  a meridional  direction. 

O 

The  corona  ciliaris  (Fig.  262)  consists  of  seventy  to  eiglity 
ridge-like  jirocesses  running  meridionally  (processus  ciliares). 
These  are  arranged  around  the  lens,  and  are  about  2 mm.  long 
and  1 mm.  hi2:h.  Tliev  are  hii^hest  at  the  end  toward  the  lens. 
Toward  the  outside  tlie  ginund  substance  of  the  processes  border 
011  the  ciliary  muscles.  The  inner  surface,  on  the  other  hand, 
is  covered  by  the  lamina  basalis,  whicli  rests  on  the  pigment 
layer  of  the  pars  ciliaris  retiiue. 

TI  le  nmsculus  ciliaris  (Fig.  262)  has  the  form  of  a flat 
riim  abont  3 mm.  in  thickness.  It  consists  of  smooth  muscle 

Ö 

cells,  whicli  may  be  divided  into  three  groups  according  to  the 
direction  in  whicli  thev  rnn  : 

1.  The  outermost  [nieridiorial)  part  (tensor  ehorioidese)  con- 
tains bundles  of  muscle  cells  whicli  run  meridionally  and  lie 
next  to  the  sclera.  They  reach  from  the  canal  of  Schlemm 
to  the  orbiculus  ciliaris. 

2.  Outside  diese  flbres  there  is  a middle  (radial)  layer  of 
the  ciliary  muscle.  Its  bundles  of  flbres  have  a radial  arrange- 
ment,  so  that  some  of  them  are  spread  out  toward  the  centre 
of  the  eyeball,  like  the  rays  of  a fan  (Fig.  262). 

3.  The  innermost  (circular)  portion  of  the  muscle  takes  an 
equatorial  or  circular  course,  so  that  the  name  Müller’s  ring 
muscle  is  applied  also  to  it. 

The  iris  is  to  be  regarded  as  a proeess  of  the  cliorioidea. 
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It  coiisists  of  four  layers : tlie  anterior  epitlielium,  tlie  stroma 
iridis,  tlie  posterior  limiting  layer,  and  tlie  piginent  layer. 

1.  Tlie  anterior  epitheliuin  is  niade  up  of  a sini[)le  layer  of 
flat  cells,  wliicli  eover  tlie  anterior  surfaee  of  tlie  iris.  In  old 
individuals  tliis  layer  is  no  longer  to  be  niade  out. 

2.  The  stroma  iridis  coiisists,  in  its  anterior  half,  of  reticular 
eonnective  tissue  {amterior  limiting  layer).,  and  in  its  posterior 
half  of  loose  eonnective  tissue  which  contains  nunierous  blood- 
vessels  {vascular  layer).  The  vessels,  which  liere  have  a radial 
arrangeinent,  possess  no  muscular  sheaths,  but  are  enclosed  by 
a stroiigly  developed  adventitia.  ln  tliis  ]>art  of  tlie  iris  the 
sniooth  niuscle  cells  are  collected  to  form  the  musculus  sphiricter 
pupillm  and  the  musculus  dilatator  pupillee.  The  first  is  fornied 
of  bundles  of  fibi  •es,  which  are  arranged  circularlv  around  the 
pupillary  edge  of  the  iris  in  the  form  of  bands  about  1 mm. 
broad.  The  second  muscie  is  made  up  of  bundles  of  fibres 
running  radially.  The  pigment  which  is  present  in  the  con- 
iiective  tissue  of  the  iris  stroma  in  varying  quantity  lends  color 
to  the  iris.  In  light  eyes  it  is  not  abundant. 

The  posterior  limiting  layer  (Bruch’s  membrane),  which  is 
a process  of  the  lamina  basalis,  is  a refractive  membrane  2 y 
thick. 

4.  The  pigment  layer  of  the  iris  (pars  iridica  retinae)  pre- 
sents  two  layers  of  cells.  The  cells  of  the  posterior  layer  are 
cubical  and  strongly  pigmented,  while  those  of  the  anterior 
layer  are  flat  and  contain  only  a little  pigment. 

Special  note  must  be  made  of  those  places  where  the  cornea 
passes  over  into  the  sclera,  and  where  the  iris  and  corpus 
ciliare  are  connected  with  the  outer  coats  of  tlie  eve.  The 
sclera  passes  directly  over  into  the  cornea,  its  fibril  bundles 
running  without  interruption  from  one  coat  to  the  other.  The 
hardly  noticeable  line  of  Separation  passes  obliquely  backward 
and  inward.  In  tliis  region  tlie  ciliary  border  of  the  iris  is 
attached  to  the  outer  coats  of  the  eye.  Tliis  attachment  takes 
place  by  means  of  the  so-called  ligamentum  pectinatum  iridis, 
which  in  man  is  developed  much  less  strongly  thaii  in  manv 
lower  animals.  The  ligament  is  made  up  of  a network  of  fibres 
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situcited  in  tlie  angle  of  the  anterior  cliarnber,  between  the 
cornea  and  iris.  The  fibres  pass  over  into  Descernet’s  niem- 
braue,  wliicli  in  tliis  region  sliows  a fibrillär  striieture.  Tliere 
occur  liere  also,  on  the  one  side,  free  connective-tissue  bundles 
from  the  substantia  propria  corneae,  and  on  the  other  side 
connective  tissue  and  elastic  fibres  of  the  intermuscular  tissue 
of  the  ciliary  inuscle  and  processes  from  the  iris  stroma.  These 
fibres  form  a network  whose  Strands  are  covered  with  flat  epi- 
thelium  continuous  with  the  corneal  endothelium  and  the 
epitheliurn  of  the  anterior  surface  of  the  iris.  Between  the 
Strands  of  tissue  there  are  free  spaces,  the  so-called  spaces  of 
Fontana. 


(^)  Tunica  interna. 

The  retina  is  the  third  and  innermost  coat  of  the  eyeball,. 
and  contains  the  terminations  of  the  optic  nerve  fibres.  It  lines 
the  whole  posterior  part  of  the  eye,  and  ends  at  the  pupillary 
border  of  the  ii’is.  We  can  distinguish  it  in  three  zones : 1. 


The  pars  optica  retinae,  which  extends  from  the  place  of  entrance 


of  the  optic  nerve,  to  the 
where  it  ends  in  a zig-zag 
ciliaris  retinae.,  from  the  ora 


neighborhood  of  the  ciliary  body, 
line,  the  ora  serrata ; 2.  Thejöars 
serrata  to  the  ciliary  border  of  the 


iris  ; and  3.  The  ]>ars  iridica  retince,  which  extends  from  the 
ciliary  border  to  the  pu])illary  border  of  the  iris. 

1.  The  pars  optica  retince  (Figs.  263  and  265)  is  the  only 
part  of  the  retina  which  is  sensitive  to  light.  It  consists  of 
several  layers,  the  elements  of  which  have  been  studied  by  the 
newer  methods,  such  as  the  vital  methylene-blue  staining,  and 
the  Grolgi  impregnation.  Three  main  layers  can  be  made  oiit: 
the  outermost  pigment  layer,  the  middle  layer  (Gehirnschicht), 
and  the  innermost  neuro- epithelial  layer.  d he  middle  layer 
is  made  up  of  six,  the  neuro-epithelial  layer  of  four  sheatlis, 
so  that  the  retina  possesses  altogether  eleven  layers  : 


1. 

2. 

3. 

4. 


Pio^ment  laver. 

Layer  of  rods  and  cones  ; 
Membrana  limitans  externa; 
Outer  2:ranular  laver; 
Henle’s  fibre  layer. 


^ Neuro-epithelial 
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^ Middle  layer 

((ieliiinscliicht). 


().  Outer  retieular  (moleeular)  layer; 

7.  Outer  o;aii2:lionic  (inner  grannlai’)  layer  ; 

8.  Inner  reticnlar  (inolecnlar)  layer ; 

9.  Inner  ganglionie  layer  ; 

10.  Nerve-fibre  layer  ; 

11.  Alembrana  lirnitans  interna. 

We  sliall  begin  tlie  description  of  tlie  individual  layers  witli 
the  outermost  one.  The  eleaients  of  the  pi{iment  sheath  are 
usually  regulär  hexagonal  cells,  whieh  are  arranged  in  a simple 


Fig.  2G3. 


Diagram  of  the  retina,  compilecl  by  Kallins,  froni  the  work  of  Ham6n  y Cajal. 

A,  layer  of  rods  and  cones ; B,  nienibrana  liinitans  externa;  C,  outer  granulär  layer; 
/),  Henle’s  fibre  layer ; E,  outer  retieular  lay(‘r  ; F,  outer  ganglionie  layer;  G,  inner  retie- 
ular layer  ; II,  inner  ganglionie  layer  ; J,  nerve-fibre  layer  ; /i,  nienibrana  lirnitans  interna  ; 
a,  Müller’s  supporting  eell ; b,  rods;  c,  eones  ; d,  bipolar  eell  belonging  to  rods ; e-i,  bipolar 
eell  belonging  to  eones;  k-m,  horizontal  eells  ; a,  eentrifugal  nerve  fibre;  o-t,  ganglion  eells 
of  optie  nerve;  a-e,  spongioblasts  (amarkrinc  eells)  ; difi'use  amakrine  eells;  rj,  nervous 
spongioblast.  (Froin  Mcrkel-Bonnet,  Ergebnisse  d.  Anat.  u.  Enfwick,  Rd.  II.  S.  251.) 

layer.  The  somewliat  dattened  nnclens  lies  in  tlie  onter  pig- 
ment-free  half  of  tlie  cell.  The  inner  stroiigly  pigmented 
part  of  the  cell  possesses  loiig,  fine,  friiige-like  processes,  which 
penetrate  between  the  onter  segments  of  the  visnal  cells.  The 
pigment,  in  the  form  of  small  dark-brown  graiinles  and  rods, 
may  change  its  position  nnder  the  inflnence  of  light,  so  that 
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it  is  distribiitecl  equally  tlirougliout  tlie  cell.  In  coiiHeciueiice 
of  tliis  tlie  rods  and  cones  become  snrronnded  by  piginent 
grannles  in  tlie  region  of  the  external  lirniting  rnembrane. 
After  exposure  to  stronger  light  the  pigment  moves  to  the 
outer  part  of  the  cell  and  collects  in  a tliin  layer  there,  so 
that  the  visnal  cells  are  quite  free  from  it. 

The  rieuro-epithelial  layer  is  formed  of  the  visnal  cells.  Of 
these,  thei-e  are  three  lavers  : the  laver  of  rods  and  cones,  tlie 
outer  granulär  layer,  and  the  sheath  of  Heule.  The  external 
lirniting  niembrane  is  derived  from  the  supporting  cells  of 
Müller  (see  below). 

We  distinguish  two  kinds  of  visnal  cells,  rod  cells  and  cone 
cells  (Fig.  203,  b,  c).  Fach  rod  cell  consists  of  a rod^  and  a rod 
fihre,  The  latter  contains  the  nucleus.  The  rods  are  elongated 
cylindrical  structures,  about  50  u long  and  2 n tliick.  They 
may  be  divided  into  two  parts,  the  outer  seyment  and  the  inner 
seyment.  The  outer  segnient  is  cylindrical  and  doubly  refrac- 
tive.  It  contains  the  visnal  purple,  and  when  acted  upon  by  cer- 
tain  reagents  breaks  up  into  niaiiy  discs.  The  inner  Segment  is 
slightly  spindle-shaped,  fiiiely  granulär,  and  singly  refractive. 
ln  the  outer  part  of  the  inner  segnient  there  is  in  most  verte- 
brates  an  ellipsoidal  body  which  shows  a fibrous  structure. 
This  is  the  so-called  ellipsoid  of  Krause. 

Fach  rod  is  continuous  at  its  inner  end  with  a fine  fibre,  the 
rod,  fibre.  This  ends  in  the  outer  reticular  layer  in  a small 
globular  thickening.  Fach  rod  fibre  shows  somewhere  in  its 
course  a nucleated  enlargement,  the  rod  nucleus.  This  may 
occur  at  various  levels,  so  that  the  outer  (granulär  laver  contains 
niany  rows  of  nuclei.  In  sonie  animals  (cat,  rabbit,  guinea-pig, 
horse,  etc.)  the  nucleus  shows  a distinct  transverse  striation, 
which  is  due  to  the  arraimement  of  the  chromatin  substaiice  in 
two  to  four  plate-like  segments.  In  man  the  nucleus  shows  a 
reticular  structure,  and  onlv  seldom  do  we  see  an  indistinct 
cross-striation,  which  is  due  to  annular  thickenings  of  the 
cliromatin  network  on  the  surface  of  the  nucleus. 

The  cone  cells  consist  also  of  two  parts,  the  cone  and  the 
cone  fibre. 
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The  cones  are  shorter  tlian  tlie  rocls,  measuring  oiily  about 
30  f.L.  Like  the  rods,  tliey  sliow  au  outer  and  au  inner'  Seg- 
ment. The  outer  segnieiit  is  inuch  shorter  than  that  of  the 
rod,  and  is  sliglitly  eonical  in  form.  It  sometimes  presents 
cross-striations.  The  inner  segment  is  somewhat  sliorter  and 
nuich  thicker  (G  g)  tlian  that  of  the  rod,  and  is  rounded.  The 
ellipsoid  of  tlie  cone  is  larger  than  that  of  the  rod,  and  lies  in 
the  peripheral  part  of  the  inner  segment,  oceupying  about 
two-thirds  of  tliis. 

Each  cone  is  continuous  witli  a cone  fibre.  At  the  junction 
of  these  two  parts  of  the  cone  cell,  immediately  inside  the 
externa!  limiting  layer,  lies  tlie  cone  nucleus.  Tlie  cone 
fibres  end  in  the  outer  reticular  layer  by  means  of  a conical 
expansion,  from  whicli  fine  fibres  spread  out. 

The  number  of  rods  is  far  greater  than  that  of  the  cones. 
They  are  distributed  less  uniformly,  so  that  in  a section  taken 
at  riirht  aimles  to  the  surface  two  or  three  rods  are  found 
between  each  two  cones. 

The  rods  and  cones  lie  in  a row,  the  lower  boundary  of 
which  is  the  membrana  limitans  externa  (Fig.  263,  B).  This 
membrane  is  a product  of  the  iMüller’s  fibres.  Outside  these  lie 
the  rod  and  cone  fibres,  together  with  their  nuclei,  forming  the 
outer  granulär  layer  ((7).  This  consists  usually  of  granules 
crowded  closely  together.  In  the  region  of  the  macula  lutea  the 
inner  Segments  of  the  rod  and  cone  fibres  are  elongated,  and  form 
the  so-called  Henles  fibre  layer  (/7),  which  contains  no  granules. 

The  outer  reticular  layer  {.E ) is  made  up  of  the  thickened 
ends  of  the  visual  cell  fibres  and  the  end  arborizations  of  cells 
whose  bodies  lie  in  the  outer  2:ancrlionic  laver. 


The  main  constituents  of  the  outer  ganglionic  layer  (inner 
granulär  layer)  (^F)  are  the  bipolar  ganglion  cells,  whose 
processes  end  in  the  outer  and  inner  reticular  layers.  Some 
cells  (Fig.  263,  d)  establish  a communication  between  the  rod 
cells  and  the  optic  nerve  fibres  in  such  a way  that  the  outer 
arborizations  come  in  contact  with  the  ends  of  the  rod  cells, 
and  the  inner  processes  reach  to  the  inner  border  of  the  inner 
reticular  layer  to  surround  the  ganglion  cells  there.  Other 
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€ells  {e—i)  are  associated,  Ly  meaiis  of  tlie  processes  wliicli  are 
8eiit  into  tlie  outer  reticulai’  layer,  witli  tlie  broad  conical  ends 
of  tlie  corie  fibres.  The  inner  processes,  on  tlie  contrary,  enter 
tlie  inner  reticular  layer,  wliere  tliey  coine  into  contact  at 
various  levels  witli  tlie  branclied  protoplasinic  processes  of 
tlie  ganglion  cells. 

Besides  tliese  cells,  we  find  at  tlie  inner  border  of  tliis  layer, 
oells  which  are  known  as  sj^ongioblasts  (W.  JMüller)  or  para- 
reticidar  cells  (Kallins).  The  jirocesses  of  tliese  cells  end  in 
the  inner  reticnlar  layer.  Witli  tliese  cells  must  be  classified, 
according  to  Ranion  y Cajal,  those  in  which  no  axis-cylinder 
process  is  to  be  seen  (ainakrine  cells,  a-^  and  S^).  Some  of 
tliese  give  ofi"  end  arborizations  only  at  certain  levels  (a-f,  cells 
in  which  the  dendrites  are  arranged  in  layers).  Others,  on 
the  contrary,  send  their  processes  diffnsely  through  the  whole 
thickness  of  the  inner  reticular  layer  ä). 

Besides  tlie  aniakidne  cells,  we  find  at  this  level,  in  certain 
aiiimals,  cells  giving  off  axones  which  pass  over  into  ojitic 
nerve  fibres.  Finally,  there  are  cells  [m,,  l)  which  possess 
one  or  more  inaiii  jirocesses  sjireading  out  on  the  outer  surface 
of  the  inner  reticular  layer.  They  resemble  the  so-called 
horizontal  cells  (Banidii  y Cajalj,  which  lie  in  the  outer 
part  of  the  outer  ganglionic  layer  at  the  boundary  of  the  outer 
reticular  substance.  These  cells  owe  their  nanie  to  the  fact  that 
their  long  axis  lies  ])arallel  to  the  surface  of  the  retina.  They 
are  a:an2:lion  cells  whose  bodies  give  off  numerous  short  den- 
drites,  branching  abundantly  in  the  outer  reticular  layer,  and 
also  a long,  fine,  horizontal  axis-cylinder  process,  which  breaks 
up  at  the  end  into  numerous  branches.  Two  kinds  of  these 
cells  can  be  distinguished  : the  outer  smaller  cells  {ni)^  whose 
axis-cylinder  processes  come  in  contact  by  end  arborizations 
with  the  ends  of  the  cone  fibres;  and  the  inner  large  cells  (/), 
Avhose  long  ])rocesses  are  connected  with  the  end  bulbs  of  the 
i-od  fibres.  These  cells  join  together  distant  parts  of  the 
retina. 

We  find  also  in  this  region  cells  [K)  Avhich  send  out 
ju'ocesses  which  end  above  in  the  outer  and  below  in  tlie 
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inner  reticular  layer.  The  nuclei  ot  Mfiller’s  (ihres  also  lie 
at  the  level  of  the  outer  ganglionic  layer. 

The  inner  reticular  (rnolecular)  layer  (G)  consists  ot  a fine 
network,  vvhich  is  derived  mainly  froni  the  branched  processes 
of  cells  of  the  outer  ganglionic  layer,  as  well  as  the  dendrites 
of  cells  of  the  inner  ganglionic  layer.  This  layer  shows  stria- 
tions  parallel  to  the  surface  of  the  retina.  This  appearance  is 
due  to  the  fact  that  the  end  arhorizations  of  the  cells  lie  at  dif- 
ferent levels  (Fig.  263).  Between  tlie  most  external  arboriza- 
tions  of  the  bipolar  cells  [e-i)  belonging  to  the  cones,  and  be- 
tween the  innerraost  branched  dendrites  of  the  ganglioii  cells 
(c-s),  there  rnn  the  fine  branches  of  the  arnakrine  cells.  Fine 
side  branches  of  the  Müller’s  fibres  [a)  also  take  part  in  this 
network. 

The  inner  gaiujUon-cell  layer  (Fig.  263,  II ) consists  of 
Riultipolar  ganglion  cells  with  many  protoplasmic  processes, 
which  extend  toward  the  ontside,  and  at  certain  levels  of  the 
inner  reticular  layer  break  np  into  fine  branches.  Betzins  and 
Cajal  Claim  that  each  ganglion  cell  branches  without  forming 
anastomoses  with  other  cells.  Dogiel  believes,  on  the  contrary, 
that  the  protoplasmic  })rocesses  of  all  ganglion  cells  of  the 
retina  join  with  one  another  and  form  a network.  The  axis- 
cylinder  process  extends  inward  and  comes  to  lie  in  the  nerve- 
fibre  layer  as  an  independent  nerve  fibre. 

In  the  human  retina  a ganglion  cell  is  sometimes  fonnd  to 


be  bonnd  to  another  by  a short  bridge.  These  are  the  so-called 
iwin  cells  (Dogiel,  Greeff).  Such  a bridge  may  vary  in  length, 
and  is  only  a thick  protoplasmic  process  which  is  continnous 
with  that  of  another  cell.  Onlv  one  of  two  cells  thns  con- 
nected  possesses  an  axis-cylinder  process,  which  passes  over 
into  the  nerve-fibre  layer. 

In  the  inner  ganglion-cell  layer  there  lie  cells  (G  whose 
■dendrites  pass  dififusely  throngh  the  whole  thickness  of  the 
inner  reticular  layer,  but  have  no  connection  with  the  rods 
and  cones. 

The  nerve-fibre  layer  (Fig.  263,  J)  contains  the  fibres  of 
the  optic  nerve,  which  diverge  from  one  another  in  all  direc- 
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tions  at  the  jiapilla  nervi  optici.  Tliis  layer  is  tliickest  at  the 
place  of  entrance  of  the  optic  nerve  (Fig.  264).  It  contains 
only  naked  axis  cyl Inders.  The  great  nnijority  of  these  are 
centripetal  fibres,  which  are  derived  from  the  cells  of  the  adja- 
cent  layer  (//)  of  the  retina.  It  is  highly  probable  that  there 
are  a fevv  {71)  centilfngal  fibres  (Cajal),  which  are  processes  of 
ganglion  cells  situated  in  the  brain.  The  greater  number  of 
these  fibres  form  by  their  end  arborizations  a pericellular 
network  aroiind  the  cells  which  lie  in  the  outer  part  of  the 
inner  reticnhir  layer — i.  c.,  around  the  parareticular  cells 
Some  of  them,  011  the  contrary,  end  freely  after  penetrating 
to  the  more  external  layers  of  the  retina  (Dogiel). 

The  memhrana  limifaris  intema  {K),  which  forms  the 
innerniost  layer  of  the  retina,  is  a product  of  the  supporting 
cells  of  Müller  (supporting  (ihres,  radial  fibres). 

Tliese  supporting  cells  of  Mtdler  are  somewhat  siinilar  to  the 
ependymal  cells  of  the  einbryonic  spinal  cord.  They  are  ele- 
ments  of  an  epithelial  nature  (of  ectodernial  origin),  and  consist 
of  elon2;ated  cells  which  extend  throngh  the  whole  thickness 
of  the  retina.  The  inner  end  of  the  cell  is  widened  into  a cone- 
shaped  body,  which  shows  a fibrons  structure  (radial  fibre  cone). 
In  conseqneiice  of  the  fusion  of  these  conical  bodies,  a mein- 
brane  is  formed,  the  membrami  limitans  interna.  From  this 
place  the  supporting  cells  extend  toward  the  outer  surface.  In 
both  reticnlar  layers  delicate  fibres  are  given  off  in  all  direc- 
tions.  At  the  level  of  the  outer  reticnlar  layer  each  cell  pre- 
sents  an  ellipsoidal  nucleus.  In  the  outer  ganglionic  and  outer 
o-ranular  lavers  the  cells  show  numerons  cup-like  depressions 
on  their  surfaces,  caused  by  pressure  exeiüed  by  other  kinds  of 


cells.  At  the  bases  of  the  rods  and  cones  is  found  the  mem- 
brana  limitans  externa,  which  is  formed  by  a membranous 
widening  of  the  supporting  fibres.  From  its  surface  there  run 
fine  ju’ocesses,  which  form  the  so-called  fibre-baskeis,  which 
Surround  the  bases  of  the  rods  and  cones. 

In  the  supporting  tissue  of  the  retina  there  are,  in  addition 
to  the  Müller’s  fibres,  neuroglia  cells  (spider  cells),  which  occur 
abundantly  in  the  optic  nerve. 
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From  the  above  description  of  tlie  retiiia,  it  is  seeii  tliat  tlie 
light  Stimuli  reacli  the  braiii  in  the  following  way  : The  rod 
and  cone  visual  cells,  which  one  may  call  the  first  neurones, 
receive  the  Stimulus.  From  here  it  is  transmitted  to  the  bipolar 
cells  of  the  oiiter  ganglionic  layer  (second  neurones),  and  thence 
to  the  cells  of  the  ganglion-(;ell  layer  (third  neurones),  which 
send  fibres  through  the  optic  nerve  to  the  brain.  The  Con- 
nection between  these  cells  is  by  contact  in  the  two  reticular 
layers. 

The  retina  lias  a somewhat  different  structure  in  the  macula 
lutea,  the  papilla  n.  optici  (see  Optic  nerve),  and  the  ora 
serrata. 

In  the  region  of  the  macula  lutea  the  middle  or  cerebral 
layer  contains  a yellow  pigment,  Avhich  is  distributed  dififusely, 
so  that  tliis  part  has  a yellowish  color  on  the  surface.  In  this 
neighborhood  the  inner  ganglion-cell  layer  is  distinctly 
thicker,  consisting  of  as  niany  as  nine  layers  of  ganglion 
cells.  The  outer  ganglionic  layer  is  also  wider  here.  The 
layer  of  rods  and  cones  becomes  poorer  in  rods  as  the  macula 
lutea  is  approached,  so  that  in  this  region  itself  only  cone  cells 
are  present.  In  'the  macula  lutea  Henle’s  fibre  sheath  is 
especially  well  developed. 

In  the  centre  of  the  macula  lutea  on  its  inner  surface  there 
is  a depression,  the  fovea  centralis,  in  which  the  retinal  lavers 
are  distinctly  thinner  than  elsewhere.  The  nerve-fibre  sheath 
ends  liere,  and  both  ganglion-cell  layers  disappear,  so  that  in 
the  fundus  fovese  itself  only  a neuro-epithelial  layer  is  found. 
Owing  to  the  entire  absence  of  the  pigmented  cerebral  layer 
of  the  retina,  the  fundus  fovem  appears  colorless. 

In  the  region  of  the  ora  serrata  a marked  decrease  in  thick- 
ness  of  the  retina  takes  ])lace  in  consecpience  of  the  disappear- 
ance  of  the  retinal  lavers.  The  nerve-fibre  and  s:an<rlion-cell 
layers  are  the  fij’st  to  disappear.  The  stiaicture  of  the  visual 
cell  layer  is  altered  and  the  two  reticular  layei*s  are  lost.  The 
outer  granulär  layer  fuses  with  the  outer  ganglionic  laver. 
At  a certain  distance  from  the  ora  seri’ata  the  rod  cells  dis- 
appear, and  the  cone  cells  change  their  typical  character  and 
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becoirie  finally  a single  layer  ot  cylindrical  epitlieliurn. 
supporting  eells  of  Müller  are  well  develo|)ed  here. 

1.  ln  tlie  pars  ciliaris  Tetinw  we  lind  only  two  layers  of 
eells.  ioward  tlie  ontside  tliere  is  pigmented  epitlielium,  wliile 
011  tlie  inner  side  tliere  is  a layer  of  liigli  cylindrical  eells, 
whicli  are  derived  froin  tlie  neiiro-epitlielial  layer.  These 
cylindrical  eells  take  tlie  place  of  tlie  layer  of  visual  eells  and 
tlie  onter  granulär  layer,  wliicli  is  still  to  be  seen  at  tlie  ora 
serrata. 

3.  Pars  iridica  retiiue,  see  Iris. 


{4)  The  Opiic  Nerve. 

The  optic  nerve  possesses  three  sheaths,  which  are  to  be 
regarded  as  continnons  witli  the  membranes  of  the  brain.  The 
dura  niater  fornis  the  outerniost  slieath,  the  arachnoidea  the 
second,  and  that  which  lies  iminediately  on  the  nerve  is  derived 
from  the  pia  niater  and  sends  se]ita  between  the  individual 
fibre  bundles.  Between  the  processes  of  the  dura  mater  and 
the  arachnoidea,  and  between  the  arachnoidea  and  the  pia 
mater,  tliere  are  two  spaces,  of  which  the  first  is  in  communi- 
cation  with  the  subdural  sjiace,  and  the  second  with  the 
subarachnoid  space.  All  three  sheaths  are  bound  together 
by  connective-tissLie  Strands,  which  cross  over  through  the 
spaces. 

At  the  entrance  of  the  optic  nerve  into  the  eyeball  the 
dural  and  pial  sheaths  pass  over  into  the  sclera.  The  arach- 
noidea, 011  the  contrary,  breaks  up  into  fibres  before  it  reaches 
the  sclera,  so  that  the  subdural  and  subarachnoidal  spaces  coni- 
municate  with  one  another. 

Where  the  optic  nerve  enters  the  eye,  the  sclera  and  choroid 
are  pierced  and  perforated,  so  that  they  are  reduced  to  a lattice- 
work  tissue,  which  we  call  the  lamina  cribrosa. 

The  fibres  of  the  optic  nerve  are  medullated  but  possess  no 
slieath  of  Schwann.  As  the  fibres  pass  through  the  chorioid 
and  sclera  they  lose  their  niedullary  slieath  and  pass  over  on 
the  inner  surface  of  the  retina  as  naked  axis  cylinders,  which 
form  the  optic  nerve-fibre  layer.  In  consequence  of  the  loss 
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of  tlie  myeliii  j?lieatlis  tlie  nerve  becomes  considerably  thinrier 
on  enteriiig  tlie  eyeball. 

(5)  The  Lern. 

In  the  lens  we  inay  distinguisli  tlie  substaniia  lentis  and  tlie 
lens  capsule.  The  lens  is  an  epithelial  structiire  forrned  froni 
the  ectoderni.  It  consists  in  the  beginning  of  cylindrical  cells, 


Fig.  20t). 


which  during  subsequent  development  increase  in  height  at 
the  posterior  surface  of  the  lens.  This  increase  goes  on  until 
exceedingly  long  cells  are  forrned,  the  lens  ßbres. 

In  adnlts  the  substantia  lentis  consists  of  lens  fibres,  which 
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at  the  anterior  surtace  are  eovered  by  a sin^’le  layer  ot*  cubical 
lens  epithelium.  Tliis  reaelies  as  lar  as  the  equator  of  tlie  leiiH, 
Nvliere  the  cells  inerease  in  lieiglit  to  form  leny  tibres.  The 
lens  fibres  are  flattened  liexagonal  prisras,  wliich  ai‘e  tliickened 
at  the  j)Osterior  end.  They  run  in  a meridional  direetion  from 
the  anterioi*  snrftiee  backward.  A small  qiiantity  of  cement 
snbstance  joins  the  fibi*es  together.  The  outer  fibres  in  the 
regioii  of  the  eqnator  possess  oval  nuclei,  while  in  the  centre 
of  the  lens  no  nuclei  are  present. 

The  lens  capsule  is  a clear  refractive  rnembrane,  wliich  is 
thicker  on  its  anterioi'  (10-15  p)  than  on  its  posterior  surface 
(5-7  u).  On  its  outei*  surface  it  shows  parallel  striations  and 
is  lamellated.  ln  its  behavior  toward  reasfents  it  resembles 
neither  white  ftbrons  nor  elastic  tissue.  It  is  probably  partly 

cnticnlar  and  partly  connective  tissue  in  nature. 

« 

(6')  The  Mtreous  Body  and  the  Zonula  CUiaris. 

The  viti’eous  bodv  is  macle  uo  of  a tissue  which  contains 

«1  • 

about  08  ])er  Cent,  of  fluid  sulistance,  the  vitreous  humor. 
The  firm  parls  have  tlie  foian  of  fme  intercrossing  connective- 
tissue  librils,  connective-tissue  cells  of  various  kinds.  and 
wandering  cells  (leucocytes). 

The  entire  vitreous  bodv  is  surrounded  by  a refractile 
homogeneous  rnembrane,  the  memhrana  hyaloidea,  which 
touches  on  the  outside  the  membraiia  liniitans  interna  retinae. 

ln  the  reOon  of  the  ora  serrata  fine  fibres  run  from  the 
surface  of  the  hyaloid  rnembrane  and  the  ciliary  ])rocesses 
in  a meridional  direetion  toward  tlie  lens  and  insert  them- 
selves  in  its  capsule.  The  insertion  of  the  fibres  in  the  lens 
occupies  a wide  zone  at  the  equator,  which  reaches  some  dis- 
tance  on  the  anterior  and  jiosterior  surfaces.  Taken  together, 
these  ( fibrce  zomilares)  form  the  zonula  cihans,  which  serves 
to  hold  the  lens  in  ])lace. 

The  fibres  of  the  zonula  and  the  equatorial  zone  of  the  lens 
form  the  boundaries  of  a whole  System  of  large  and  small 
sjiaces,  the  spatia  zonularis  (canal  of  Petit),  which  are  in  com- 
munication  with  the  ])osterior  chamber  of  the  eye. 
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Fig.  2()7. — Di;igrani  of  the  l)l()o(l-vessels  of  the  eye,  as  seen  in  a liorizontal  section. 

(Lel)cr,  al'ter  Stöhr. ) 

Arteries  red,  veins  blue. 

Coiirse  of  vasa  centralia  retime  : a,  arteria,  ai,  vena  centralis  retinje;  ß,  aiiastomosis 
with  vessels  of  outer  coats;  y,  anastoinosis  witli  branclies  of  short  posterior  ciliary  arteries  ; 
S,  aiiastomosis  ivitli  choriuideal  vesstds. 

(’oiirse  of  vasa  ciliar.  ])ostic.  brev.  : I.,  arteriie,  and  li,  veiue  ciliar,  postic.  brev. ; II., 
ei)isclcral  artery  ; 111,  e])iscleral  vein  ; III..  ca])illaries  of  lamina  clioricapillaris. 

Course  of  vasa  ciliar,  postic.  long.  : 1,  a.  ciliar,  jiost.  longa  ; 2,  circnlns  iridis  inajor  ent 
across;  d,  branclies  to  ciliary  body  ; 4,  branclies  to  iris. 

C'onrse  of  vasa  ciliar,  aiit. : a,  arteria,  «i,  vena  ciliar,  ant. ; h,  jnnction  witli  tlie  circnlns 
iridis  inajor;  jnnction  witli  lamina  choriocapill. ; d,  arterial,  and  di,  venons  episcleral 
branclies;  e,  arterial,  and  n,  venons  branclies  to  conjnnctiva  sclerie ; /,  arterial,  and /i, 
venons  branclies  to  corneal  border:  F,  vena  vorticosa ; /S,  transverso  secnoii  of  sinns 

venosns  sclerie. 
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(7)  Blood-veH,^eU  of  tfie  Kyehall. 

Tliere  are  to  be  distinguislied  in  tiie  eyeball  tvvo  Systems 
of  blood-vessels,  tlie  retinal  sysieni,  and  tlie  cÄI/lary  nystem 
(Fig.  2G7).  These  Systems  are  marked  off  sliarply  froni  one 
another,  and  anastornose  only  at  tlie  place  of  entry. 

The  retinal  i^ydeni  of  vessels  is  formed  by  the  vam,  centralm 
retince.  The  central  retinal  artery  (Fig.  2()7,  a)  rnns  in  the  axis 
of  the  optic  nerve  until  it  reaches  the  papilla,  where  it  divides 
into  two  main  branches.  One  of  these  rnns  forvvard  and  the  other 
posteriorly.  Fach  breaks  np  in  the  nerve-ßbre  layer  of  the  retina 
into  nnmeroiis  small  branches,  which  in  turn  form  capillary 
networks.  These  snpply  the  cerebral  layer  of  the  whole  pars 
optica  retiiue  as  far  as  the  ora  serrata.  The  neuro-epithelial 
layer  and  the  fovea  centralis  are  non-vascular.  The  branches 
of  the  retinal  artery  form  so-called  end  arteries,  for  they  anasto- 
mose  with  one  another  only  by  means  of  their  lai*ger  twigs. 

The  veins  arising  from  the  capillaries  rnn  parallel  with  the 
arteries,  and  join  ßnally,  giving  origin  to  two  main  trunks, 
which  form  the  central  retinal  vein,  a,  in  the  axis  of  the  optic 
nerve.  The  arteries  give  off  on  the  way  small  twigs  between 
the  fibre  bundles  of  the  ojitic  nerve.  Some  of  these  anastornose 
with  the  vessels  of  the  onter  coats  of  the  eye,  while  others  join 
with  branches  of  the  arteriie  ciliares  posticse  breves  (y).  Also 
the  branches  of  the  central  retinal  vessels  form  a Connection 
with  the  snialler  vessels  and  capillaries  of  the  chorioid  (^). 

In  the  eyes  of  embryos  we  meet  with  a vessel,  the  arteria 
hyaloideaj  which  is  really  a brauch  of  the  central  retinal 
artery.  This  hyaloid  artery  rnns  throngh  the  vitreons  body 
up  to  the  |iosterior  snrface  of  the  lens.  It  supplies  the  capsnle 
of  the  lens  and  sends  branches  into  the  vitreons  bodv.  This 
vessel  begins  to  degenerate  before  birth,  and  remains  only  as 
the  so-called  CloqueVs  canal  (canalis  hyaloidens),  which  is 
filled  with  fluid. 

The  ciliary  sy stein  of  vessels  is  formed  of : 

(a)  The  arteidae  ciliares  postiere  breves  ; 

(h)  The  arteri?e  ciliares  posticae  longae ; and 
{c)  The  arteri^e  ciliares  anticae. 
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The  first  group  sup|)lies  the  sinootli  part  of  tlie  chorioidea ; 
the  two  latter  siipply  especially  the  ciliary  body  and  iris. 

(a)  The  arterice  ciliares  posticce  hreves  (I.)  break  through 
the  sclera  in  the  region  of  the  entrance  of  the  oj)tic  nei*ve.  They 
nuinber  eighteen  or  tvventy,  and  give  rise  to  the  dense  capillary 
network  of  tlie  lainina  choriocapillaris  (III.)-  On  the  way  they 
give  off  branches  which  snpply  the  scleral  surface  of  the  pos- 
terior lialf  of  the  eyeball,  and  form  anastomoses  with  branches 
of  the  arteria  centralis  retinm  (y),  the  arteria3  ciliares  posticse 
long^e,  and  the  arterim  ciliares  anticse. 

(b)  The  arterice  ciliares  posticce  loncjce  (1)  break  through  the 
sclera  and  run  between  the  chorioidea  and  the  sclera  np  to  the 
ciliary  body,  where  they  form  at  the  ciliary  border  of  the  iris 
the  circulus  arteriosus  iridis  major  (2).  From  this  tliere  pro- 
ceed  branches  which  snpply  the  ciliary  processes  (3)  and  the 
iris,  and  at  the  ]mpillary  border  of  the  iris  form  the  circulus 
iridis  iwinor. 

(c)  The  arterke  ciliares  anticce  (a)  arise  from  the  arteries 
of  the  four  straight  niuscles  of  the  eye,  and  give  off  branches 
for  the  anterior  half  of  the  sclera  (rZ),  the  conjunctiva  sclerse 
(e),  and  the  edge  of  the  cornea.  They  then  break  through  the 
sclera  and  send  branches  to  the  ciliary  muscles,  while  others 

join  with  the  circulus  iridis  major  (b)  or  the  lamina  chorio- 
capillaris (c). 

The  capillary  loops  supplying  the  edge  of  the  cornea  arise 
also  from  arteries  of  the  anterior  part  of  the  conjunctiva 
sclerte.  Here  they  form  a network  of  capillaries  which  pass 
over  into  the  underlying  veins.  The  central  j'iarts  of  the 
cornea  are  in  adult  mammals  entirely  non-vascular. 

Almost  all  the  blood  brought  in  by  the  arterise  ciliares 
posticse  collects  in  the  ve?ice  vorticosce.  These  veins  (b  ig.  265,  \ ) 
are  characterized  by  tlie  fact  that  they  have  a course  entirely 
different  from  that  of  the  arteries.  There  ure  usually  four  to 
six  trunks,  which  arise  by  tlie  coalescence  of  numerous  branches 
from  all  sides.  They  penetrate  the  sclera  and  open  into  one 
of  the  vense  o])htlialmicre. 

Besides  these  main  paths  for  the  draining  of  blood  from  the 
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diorioidea,  the  ciliary  l)ody,  and  tlie  iris,  tliere  are  other  veins, 
tlie  venw  cAliares  i)odA(xrA)reves  (I,)  and  the  vencccihareH  cmticaL 
wliieli  take  a conrse  inore  or  less  ])arallel  to  tliat  ot  the  arteries. 
The  vemL  ciliares  anticm  [a)  drain  tlie  lilood  frorn  the  (aliary 
niuscle  and  from  the  veins  of  tlie  annnlar  canal  of  Bchleniin  (B). 
They  take  the  blood  also  from  the  episeleral  eonnective  tissue 
i(L)  (exeept  soine  which  llows  into  the  venm  vorticosm),  from 
the  conjiinetiva  selene  (<?,)  and  fi'oni  the  edge  of  the  cornea  (/,). 


(<^)  The  Ly  mph  Paths  of  the  KyebalL 

The  eyeball  contains  no  trne  lyinph-vessels,  but  a System 
of  spaees  which,  according  to  Behwalbe,  niay  be  divided  into 
the  anterior  and  the  poderior  lymph  paths. 

The  System  of  anterior  lymph  jiatlis  forms : 

1.  The  lymph  canals  of  the  cornea  and  selei’a ; 

2.  The  anterior  chamber  of  the  eve,  which  is  filled  with  the 
aqiieons  huinor.  With  this  there  commnnicates  by  means  of  a 
caj)illary  space  between  the  iris  and  lens : 

3.  The  posterior  chamber  of  the  eye.  With  this  in  turn 
there  are  connected  : 

4.  The  spatia  zoniilaria  (canal  of  Petit). 

The  System  of  ]iosterior  lymph  paths  consists  of: 

1.  The  snbdnral  and  snbarachnoideal  s]>aces,  separating  the 
sheaths  of  the  optic  nerve  ; 

The  perichorioideal  s])ace  between  the  chorioidea  and  the 
sclera  ; 

3.  The  Tenon’s  lymph  space,  which  is  found  between  the 
dural  sheath  of  the  optic  nerve  and  the  sclera,  and  between  the 
fibi  •es  of  the  fascia  of  Tenon  ; and,  finally, 

4.  The  lymph  spaees  of  the  retina.  These  appear  as  jieri- 
vascular  spaees,  and  as  inteihiminar  spaees  between  the  pig- 
rnent  layer  and  the  rest  of  the  retina. 

The  perichorioideal  space  is  connected,  by  means  of  the 
spaees  snrroimding  the  venm  vorticosae,  with  the  lymph  space 
of  Tenon. 
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{9)  The  Nerves  of  the  Eyehall. 


The  iierves  whicli,  in  addition  to  the  optic  nerve,  terminale 
in  the  eyeball  penetrate  the  sclera  in  the  region  of  the  optic 
nerve,  and  run  forward  in  the  suprachorioidea.  On  their  way 
they  give  olf  branches  to  the  chorioidea,  and  form  on  the  outer 
surface  of  the  ciliary  muscle  a plexns  which  contains  nurnerous 
groups  of  ganglion  cells  {2^lexus  gangliosus  ciliaris).  From 
this,  small  branches  rnn  to  the  ciliary  body,  the  iris,  and  the 
cornea. 


The  nerves  to  the  ciliary  body  end  in  the  walls  of  the 
blood-vessels,  in  the  ciliary  muscle,  and  in  the  lamina  supra- 
chorioidea, in  the  form  of  extremely  fine  end  arborizations. 

The  nerves  to  the  iris  form  an  annular  plexns  in  the  iris 
Stroma.  They  lose  their  medullary  sheaths  and  supply  tlie 
smooth  mnscle  and  the  vessels  of  the  iris,  and  form  a fine 
plexns  on  its  anterior  surface. 

The  nerves  to  the  cornea  form  a network  in  the  sclera 
around  the  corneal  border — the  jjlexus  amiularis,  from  which 
branches  ])roceed  to  the  cornea  and  conjnnctiva.  The  corneal 
branclies  enter  from  the  sclera  into  the  substantia  propria  of 
the  cornea,  where  they  lose  tlieir  medullary  sheaths  and  form 
plexuses  at  different  levels.  Of  these,  we  distinguish  four  : 

{a)  Tlie  ground  ])lexus,  in  the  deeper  layers  of  the  sub- 
stantia propria ; 

{b)  The  subbasal  plexns,  iust  under  the  lamina  elastica  an- 
terior 


1'»  • 


(c)  The  siibepithelial  plexns,  in  the  deeper  layers  of  epi- 
thelium  ; and 

(d)  The  intra-epitlielial  plexus.  The  last  plexus  is  made 
up  of  fine  fibres  running  between  the  epithelial  cells  to  the 
outermost  layers,  whei*e  they  end  freely  in  knob-like  swellings. 

According  to  Dogiel,  some  of  the  nerves  in  the  snbstantia 
propria  corneae  terminate  by  means  of  end  plates.  Some,  on 
the  other  hand,  end  at  the  edge  of  the  cornea  in  terminal 
bulbs  (Krause),  which  are  to  be  found  also  in  great  numbers 


in  the  conjnnctiva. 
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(h)  Protecting  Organs  of  the  Eye. 

(i)  The  Ei/eUds  and  the  Cdnjunetiva. 

The  skiii  wliicli  covers  the  oiiter  surface  of  the  eyelids 
passes  over  into  the  conjiinctiva  palpebralis,  which  lines  the 
inner  surface.  Between  these  two  layers  we  find  tlie  inain  por- 
tion  of  the  eyelid,  which  contains  the  in.  orbicularis  palpe- 
brarum and  tlie  tarsus.  The  relation  of  these  constituents  is 
shown  best  in  a sagittal  section  of  the  lid,  as  represented  in 
Fig.  208. 

On  tlie  outer  surface  the  skin  is  thin  and  contains  nunierous 
tine  hairs,  small  sebaceous  glands,  and  sweat  glands.  The 
papillae  of  the  corium  are  small  and  weakly  developed,  with  the 
exception  of  those  at  the  edge  of  the  lid.  The  subcutaneous 
tissue  is  very  loose  and  poor  in  tat  cells.  Along  the  anterior 
border  of  the  lid  there  are  thick  hairs,  the  eyelashes,  arranged 
in  two  or  three  rows  and  deejily  sunk  in  the  corium. 

In  Connection  with  the  eyelashes  at  the  border  of  the  lid  we 
find  two  kinds  of  glands  : the  ordinary  small  sebaceous  glands, 
and  JToirs  gla,nds  (glandulae  ciliares).  The  latter  resemble  the 
coil  glands  in  form.  Their  ducts  open  often  into  the  follicles 
of  the  eyelashes. 

Behind  the  subcutaneous  tissue  there  lies  a layer  of  cross- 
striated  muscle,  the  m.  orbicularis  palpebrarum,  whose  bundles 
ruii  from  one  ans^le  of  the  lid  to  the  other.  In  a sagittal  section 

O C> 

the  bundles  are  cut  transverselv.  Near  the  border  of  the  lid, 
behind  the  eyelashes,  lies  the  musculus  tarsalis  {Riolani). 

Farther  in,  there  is  a layer  of  connective  tissue  (fascia  ]ialpe- 
bralis),  with  which  the  tendon  of  the  musc.  levaior  palpebrer  in 
the  upper  lid  is  fused.  A part  of  this  muscle,  which  also  con- 
tains smooth  muscle  cells  (in,  palpebralis  super ior),  is  attached 
to  the  tarsus.  In  the  lower  lid  we  find  in  this  region  the  ten- 
don of  the  m.  rectus  inferior,  of  wliich  the  in.  palpebralis  in- 
ferior is  a process.  The  latter  contains  smooth  muscle  cells. 

Farther  back,  there  occurs  a firm  plate  of  fibrous  connective 
tissue,  the  so-called  tarsus,  which  occupies  about  two-thirds  of 
the  height  of  the  whole  eyelid.  It  contains  about  thirty  tarsal 
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(jlands  ^Meibom, lan  (jlands),  wliicli  are  distributed  tlirougliout 
its  wliole  heiglit.  They  are  alveolar  glands,  througb  tlie 
entire  lengtli  of  wliich  there  is  seen  a duct  lined  witli  stratified 
Hat  epithelium.  The  diicts  open  out  at  tlie  border  of  tlie  lid, 
as  showii  in  Fig.  268.  Opening  into  all  sides  of  tlie  duct 
tliere  are  round  alveoli.  Tlieir  cells  undergo  fatty  cbange 
and  give  out  a fat-containing  secretion.  The  finer  structure 
of  these  c:lands  is  like  that  of  sebaeeous  «jlands. 

At  the  upjier  border  of  tlie  tarsus,  in  tlie  lateral  half  of  the 
eyelid,  there  are,  especially  in  the  upper  lid,  branched  tubulär 
glands  {Kra  use’s  (/lands),  which  are  to  be  considered  as  ac- 
cessory  tear  glands.  The  ducts  pierce  the  conjunctiva  and 
open  into  the  conjunctival  sac. 

The  conjunctiva  borders  directly  on  the  tarsus.  It  consists, 
like  other  niucous  membranes,  of  e|)ithelium  and  a tunica 
jiropria.  The  epitheliuni  is  niade  up  of  two  or  three  layers 
of  cylindrical  epitheliuni  with  a cuticular  border  on  the  free 
surface.  Anioiu>:  these  cells  there  are  vesicular  cells  contain- 
inir  niucons  material.  These  differ  from  ordinarv  goblet  cells, 
in  not  \\iu^  alt02;ether  on  the  surface.  According  to  Pfitzner, 
they  i’epresent  the  so-called  Leydig’s  cells,  such  as  are  found 
in  the  epiderniis  of  the  larvie  of  lishes  and  amphibians.  At 
the  posterior  edge  of  the  lid  tliis  epithelium  passes  over  into 
stratified  pavement  epithelium.  Only  in  the  upper  part 
is  the  conjunctiva  not  smooth.  Here  it  fornis  small  furrows 
and  folds.  The  connecdve-tissue  tunica  propria  contains  plasma 
cells  and  leucocytes  in  varying  quantity. 

The  conjunctiva  palpebralis  pi 
at  the  fornix  conjunctivae  and  becomes  the  conjimctiva  sclerce. 
ln  the  fornix  there  often  occur  many  small  ly  mph  nodules. 
The  e])ithelium  of  the  fornix  and  conjunctiva  sclerae  is  similar 
to  that  of  the  cojunctiva  palpebralis.  The  epithelium  of  the 
scleral  conjunctiva  passes  over  into  stratified  pavement  e]ii- 
theliuni  in  the  neighborhood  of  the  corneal  border. 

Tl>e  pUca  semilunaris,  wliieh  represents  the  riulimentary 
third  eyelid,  consists  of  comiective  tissue  and  stratified  pave- 
inent  epithelium.  If  it  is  strongly  developed,  it  inay  contain 
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a small  plate  of  cartilage.  The  small  glaiuls  vvhich  usually 
are  fouiul  liere  pi'obably  represent  tlie  glaiuls  ol  Ilai  dei  ol 
lower  nicimraals. 

The  carmwula  lackrymalis  is  covered  with  stratilied  j>ave- 
iiieiit  epitiieliuiii,  and  oiay  coiitaiii  small  liairs,  sehaceous 
olaiids,  coil  i>‘laiids  (accessory  tear  glaiids),  etc. 

Iiito  eacli  eyelid  there  enter  i\NO  pdlpehral  arteries,  oiie  Irom 
tlie  outer  and  tlie  other  from  tlie  inner  angle  ol  tlie  eye  (lateral 
and  medial  arteries).  The  two  arteries  join  together  on  the 
anterior  surface  of  the  tarsns  in  the  neighborhood  ol  the  lid 
border.  This  gives  rise  to  the  arcm  taraem.  x\t  the  npper 
edge  of  the  tarsns  the  arterial  branches  may  form  a second 
arch,  which  is  often  the  case  in  the  ii])per  lid.  Both  arches 
break  up  into  numerous  branches  which  snpply  the  skin,  the 
muscle,  the  glands,  and  the  whole  conjnnctiva.  The  vessels 
of  the  bulbar  conjnnctiva  join  at  the  border  ol  the  cornea 
with  the  arterue  ciliares  anticie  by  numerous  anastomoses. 

The  lymph-vesseh  form  two  plexuses  which  anastomose 
with  one  anothei’.  One  lies  in  front  of,  the  other  behind,  the 
tarsns.  The  bulbar  conjnnctiva  contains  in  the  tnnica  propria 
a capillary  plexus  of  lymph-vessels  which,  according  to  Teich- 
niann,  Toldt,  and  others,  is  entirely  closed  at  the  border  of  the 
cornea.  According  to  others  (Waldeyer),  it  is  in  communica- 
tion  with  the  lymph  System  of  the  cornea. 

The  nerven  form  dense  plexuses  in  the  tarsns  and  also  in  the 
conjnnctiva.  The  fibres  derived  from  these  snpply  the  skin, 
muscle,  vessels,  and  Meibomian  glands.  The  latter  become 
surrounded  bv  fine  networks  of  fibres.  In  the  conjunctiva 
sonie  of  the  fibres  end  in  blood-vessels,  others  by  free  intra- 
epithelial arborizations ; while  the  great  majority  terminate  in 
round  or  oval  end  bulbs,  which  lie  in  the  papilla3  of  the  border 
of  the  lid  and  the  neighboring  conjunctiva,  and  in  the  tnnica 
propria  immediately  under  the  epithelium  in  other  parts  of  the 
conjunctiva. 
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(2)  The  Lacknjmal  ApjKiralus, 

The  lachrymal  gland  is  a compound  tubulär  gland  whicii, 
from  tlie  nature  of  its  secretion,  must  be  regarded  as  serous. 
The  ducts,  which  are  numerous,  are  clothed  with  cylindrical 
epithelium,  and  receive  the  secretion  directly  from  the  inter- 
mediate  portion  of  the  gland.  This  Intermediate  portion,  or 
neck,  is  lined  with  lower  epithelium,  and  is  continuous  with 
the  end  portion  or  body  of  the  gland.  The  latter  is  made  up 
of  granulär  serous  cells  surrounded  by  a membrana  proprio. 
In  this  there  are  stellate  basket  cells,  which  form  a network 
around  the  gland  tubules.  The  interstitial  connective  tissue 
contains  a great  many  elastic  übres. 

Tlie  walls  of  the  lachrymal  canals  consist  of  stratified  pave- 
ment  epithelium  and  a richly  vascular  connective-tissue  layer, 
which  contains  numerous  elastic  fibres.  The  walls  lie  on  the 
lomtitudinal  cross-striated  muscle  bands  of  the  orbicularis 

O 

muscle. 

The  tear  sac  and  nasal  duct  are  clothed  with  a double  layer 
of  cylindrical  epithelium  which  may  contain  goblet  cells.  The 
tunica  propria  contains  many  leucocytes. 

The  nerves  of  the  lachrymal  glands  are  almost  entirely  non- 
medullated.  They  form  a network  in  the  membrana  propria 
of  the  tubules,  and  from  this  fine  fibres  run  through  the  mem- 
brana pro]n*ia.  These  form  a plexus  at  the  bases  of  the  cells, 
and  a second  one  between  the  gland  cells.  These  come  into 
immediate  contact  with  the  gland  cells. 

3.  AUDITORY  ORGAN. 

In  the  auditory  organ  we  distinguish  three  parts : the  inner 
ea)\  the  middle  ear,  and  the  outer  ear. 

(a)  The  Inner  Ear. 

The  inner  ear  is  the  most  essential  part  of  the  auditory 
Organ,  for  it  contains  the  end  apparatus  of  the  auditory  nerve. 
It  is  an  organ  of  extremely  complicated  structure,  and  is  known 
as  the  labyrinth.  In  it  two  niain  sacs  are  to  be  noted,  the  sac- 
culus  and  the  utriculus,  which  are  joined  by  a narrow  canal, 
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X\w  dwctnif  iUrkulo-mcculark.  The  sacculus  communicates  by 
iiieans  ot'  tlie  ductus  reuniais  (Henseni)  with  a loiig  spiral 
stnicture,  the  cochlea  (ductus  coclilearisj.  Tlie  uti'iculus,  on 
the  oüier  haiid,  is  connected  with  the  three  semicircular  canak, 
each  of  which  is  dilated  to  form  an  ampulla  at  its  point  of  com- 
nuinication  with  the  utriculus. 

These  membranous  structures,  taken  together,  form  the 
Membranous  lahjrirdh,  whicli  is  surrounded  by  firm  hony 
lalnirinth.  Tlie  membranous  labyrinth  contains  a fluid,  the 
endolymph,  while  its  outer  surface  is  bathed  in  perilymph 
which  Alls  up  the  space  between  the  bony  and  membranous 
labvrinths. 


[1)  Sacculus,  Utriculus,  and  Semicircular  Canals. 

All  of  tliese  parts  possess  a somewliat  siniilar  structure, 
which  in  comparisoii  with  tliat  of  the  coclilea  is  quite  simple. 
They  all  incompletely  lill  the  bony  spaces  in  which  they  lie,  and 
only  in  certain  places  are  fixed  to  the  periosteuin.  The  free 
spaces  are  traversed  by  connective-tissne  Strands  (ligainen ta 
sacculornm  et  ductuuin),  which,  on  the  one  hand,  are  fastened 
to  the  wall  of  the  canal,  and,  on  the  other,  to  the  periosteuin. 
These  Strands  are  covered  with  a layer  of  Hat  epithelial  cells 
similar  to  those  of  the  periosteuin  and  labyrinth.  . 

The  walls  of  these  sacs  and  canals  consist  of  three  lavers, 
nainely,  a connective-tissue  sheath  rieh  in  elastic  fibres,  a 
structureless  basal  ineinbrane,  and  an  epithelial  layer.  The 
last  consists  of  a single  layer  of  flat  epitheliuni. 

Along  the  concave  side  of  each  semicircular  canal  there  is  a 
line,  the  so-called  raphe,  where  the  cells  increase  considerably 
in  height.  Also  in  the  ampullae  the  cells  bordering  on  the 
cristae  acusticae  are  cylindrical,  and  form  the  plana  semi- 
lunata. 

Where  the  auditory  nerve  ends,  the  epithelial  layer  is  more 
complicated.  In  the  sacs  there  are  fotind  the  maculir  acusticce, 
and  in  the  ampulhe  the  cristce  acustiew.  The  low  epithelium 
becomes  in  these  regions  inucli  higher.  It  shows  a cuticular 
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border  and  passes  over  into  tlie  neuro-epitlielium.  In  tlie 
latter  we  can  distingnish  two  kinds  of  cells : 1,  supporting 
cells ; and  2,  hair  cells. 

1 . The  supporting  cells  are  long  structures  somewliat 
widened  at  eacli  end  and  split  at  the  lower  extremity.  The 
oval  nuelens  lies,  as  a rnle,  in  the  lower  half  of  the  cell. 

2.  The  hair  cells  are  cylindrical  cells  which  do  not  occupy 
the  whole  thickness  of  the  e[)ithelial  layer.  The  thickened, 
bnlged  end,  which  contains  a spherical  nncleus,  reaches  only  as 
far  as  the  middle  of  the  layer.  The  free  npper  end  of  the  cell 
presents  a cnticiilar  border  with  a nurnber  of  fine  hairs,  which 
are  shorter  in  the  macula  than  in  the  crista.  The  hair  cells  are 
elements  which  are  in  dose  contact  with  the  sensory  nerves. 
The  relation  of  the  nerve  fibres  to  the  hair  cells  is  as  follows : 
The  nerve  fibres  break  throngh  the  basal  membrane,  lose  their 
mednllary  sheaths,  and  at  the  bases  of  the  hair  cells  break  up 
into  three  or  four  branches,  which  go  to  form  a horizontal 
plexns  (stratnm  ])lexiforme).  These  snrronnd  the  hair  cells 
like  the  calyx  of  a flower,  and  give  ofi"  ascending  branches, 
which,  however,  do  not  reach  the  snrface.  In  this  way  one 
brauch  usually  comes  in  contact  with  many  hair  cells  (Retzius, 
Ramon  y Cajal,  and  othei's). 

The  macnhe  acusticae  are  covered  by  a layer  of  soft  gelatin- 
ons  snbstance,  the  so-called  otollth  membrane,  which  encloses 
nnmerons  small  prismatic  oioliths  (statoliths,  otokonien  crys- 
tals).  These  consist  of  calcium  carbonate.  The  otolith  mem- 
brane is  to  be  resfarded  as  a cuticnlar  structure. 

O 

In  the  ampullae  we  find  on  each  crista  a conical  structure, 
the  eupola,  which  corresponds  with  the  otolith  membrane. 
This  is  seen  plainly  in  fixed  preparations,  where  the  semifiuid 
substance  between  the  auditory  hairs  is  coagulated.  In  the 
neidiborhood  of  the  cristm  and  macnhe  the  whole  wall  of  the 
sacculus  utriculus  and  canals  is  distinctly  thicker,  owing  to 
the  increased  thickness  of  the  connective-tissue  sheath  and 
basal  -membrane. 
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(^)  The  Cochlea. 

The  membranoiis  coclilea,  or  duetus  coclilearis,  is  a long* 
sac  wliicli  fills  iip  oiily  a small  part  of  the  hoiiy  coclilea  and 
follows  the  spiral  tiirns  two  and  three-cpiai'ters  times.  The 
ductiis  cüchlearis  (Fig.  2()9)  lies  between  the  perilymphatic 
sacs,  the  seala  vestilmh  and  scala  tympani.  It  tonches  on  the 
former  with  its  npper  wall  the  monhrana,  veslihuU  {IleissneTi) ; 
and  on  tlie  latter  with  its  lower  wall  the  lamina  Hpiralis 
membranaeea. 

For  convenience  in  description,  we  shall  consider  the  coclilea 
as  not  lying  horizontally,  biit  with  its  axis  vertical,  so  that  its 
base  is  down  and  its  apex  np.  If  then  an  axial  section  lie 
taken,  the  diictus  cochlearis  has  in  cross-section  a triangulai' 
outline.  Two  of  these  sides  form  the  upper  and  lower  walls, 
while  the  onter  wall  lies  against  the  periostenm  of  the  outer 
bony  coclilea.  The  periostenm  is  here  distinctly  thickened, 
so  that  it  fornis  on  cross-section  a semilnnar  mass  of  connective 
tissue  {ligamentiim  spirale).  The  angle  where  the  upper 
(vestibulär)  and  lower  (tympanal)  walls  come  together  lies  at 
the  apex  of  the  triangle  opposite  the  external  wall,  in  the 
region  of  the  outer  free  border  of  the  lamina  spiralis  ossea. 
At  this  point  the  connective  tissue  fornis  a projection  on  the 
lamina  spiralis  ossea,  the  limbus  spiralis.  This  begins  at  the 
attachment  of  Feissner’s  membrane,  and  fornis  a ridge  pro- 
truding  into  the  lunien  of  the  duetus  cochlearis.  This  is  called 
the  labiuni  vesiibulare.  Farther  outward  there  is  a process 
which  overhangs  the  free  border  of  the  lamina  spiralis  ossea 
and  lies  on  the  wall  of  the  scala  tympani.  This  is  the  labium 
tympanicum.  Between  these  two  labia  there  is  the  sulcus 
sp  iralis  internus. 


The  walls  of  tlie  membranoiis  coclilea  consist  of  a verv 

* 

fine  connective-tissue  slieath  and  an  epithelial  layer.  The  latter 
lines  the  inner  surface  of  the  duetus  cochlearis  and  shows  some 
peculiarities  in  structure  in  certain  places.  The  outer  and  upper 
walls  are  formed  quite  simply.  The  7riembrana  vestibularis, 
which  fornis  the  upper  wall  of  the  duetus  cochlearis,  is  a very 
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thiii  membraiie,  whicli  is  a ])rocess  from  tlie  periosteum  of  tlie 
scala  vestibuli.  It  therefore  coiisists  of  a tliin  coiinective-tissue 
layer  covered  oii  tlie  iipper  surfaee  with  flat  cells,  and  on  the 
side  toward  tlie  diictiis  with  a siiigde  layer  of  flat  polygonal 
epithelial  cells. 

The  oiiteyr  ivall  lies  directly  on  the  periosteum.  The  outer 
layer,  which  consists  of  loose  connective  tissue,  fuses  with  the 
periosteum  and  forms  together  Avith  this  the  ligamentum 
spirale.  From  this,  two  processes  extend  toward  the  lumen  of 
the  ductus  cochlearis  : tlie  prominentia  spiralis,  which  contains 
a vein,  the  vas  prom  ineiis ; and  the  so-called  crista  hasilaris. 
Between  tliese  processes  there  is  a depression,  the  sulcus  spiralis 
exteruus,  Ihe  outer  layer  of  loose  connective  tissue  imnie- 
diately  under  the  epithelium  contains  a dense  network  of  blood- 
vessels  {stria  vascularis).  It  reaches  from  the  iiisertion  of  the 
membrana  vestibularis  to  the  prominentia  spiralis.  Its  capil- 
laries  ]flay  an  important  rble  in  the  secretion  of  the  endolymph 
of  the  cochlea.  Tliey  are  situated  so  dose  to  the  surfaee  that 
tliey  enter  the  epithelial  layer,  and  we  have  here  to  do  with  a 
vascularized  epithelium.  The  cubical  epithelium  covering  the 
Stria  vascularis  is  not  shar])ly  marked  off  from  the  connective 
tissue.  At  tl  le  ])rominentia  the  epithelial  cells  are  much  lower 
than  elsewhere.  Tliey  increase  in  height  below,  and  pass  over 
into  the  cvlindrical  cells  of  the  lamina  hasilaris. 

While  the  uppei*  and  outer  are  coni|)aratively  simple,  the 
lower  (tympanal)  wall  shows  a very  complicated  structure 
(Fig.  270).  It  is  formed  partly  by  the  limbus  spiralis,  which 
rests  011  the  fi'ee  border  of  the  lamina  spiralis,  and  partly  by 
the  lamina  spiralis  membranacea. 

The  limbus  is  connected  closely  ivith  the  periosteum  of  the 
underlying  lamina  spiralis  ossea.  It  shows  on  its  surfaee  more 
or  less  irregulär  papilla-like  protuberances,  and  at  the  top  of 
the  labium  vestibuläre  a series  of  radially  arranged  plates,  the 
so-called  Huschke’s  auditory  teeth.  The  entire  surfaee  of  the 
limbus  is  covei’ed  with  a layer  of  cubical  epithelial  cells.  At 
the  fl  *ee  border  there  is  in  the  lamina  spiralis  ossea  a series  of 
oval  holes,  the  foraminn  nervina,  through  Avhich  the  bundles 
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of  the  coclileai'  iiei've  pass.  The  iiimiber  of  tliese  lioles  is 
estiniatecl  as  ahout  4000.  The  zone  is  kiiowii  as  the  hnlxmula 
perforata. 

We  pass  Oll  to  the  secoiul,  iiiore  eoiii])lieated  [lart  of’  the 
tyiii])aiial  wall,  the  laui'nia  spiralig  mxmhranacea.  44ie  liase 
of  this  part  forms  the  so-calied  mciuhrana  ha.^ilarU,  whieh  is  a 
process  of  the  coiiiieetive  tissiie  oeeurriiig  in  th(‘  labiuiu  tyni- 
paniciim  of  the  limliiis,  and  attaches  itself  to  the  crista.  liasilaris 
of  the  ligamentuni  spirale.  It  lias  the  form  of  a fine  tightly 
stretched  membrane  of  a eonnectiye-tissiu*  nature.  The  mem- 
brana  basilaris  possesses  on  its  lower  (tympaiial)  siiidace  a layer 
whieh  is  a process  of  the  periosteum  of  the  lamina  spiralis 
ossea,  and  eonsists  of  an  innei*  connectiye-tissue  sheath  and  a 
layer  of  Hat  epithelial  cells. 

The  surfaee  directed  toward  the  lumen  of  the  duetns 
eoelileai'is  is  eoyered  with  epitheliiini,  whieh  is  in  large  ]>art 
differentiated  into  neiiro-epithelium.  It  forms  the  so-ealled 
onjanon  spirali.^  oi-  Coiiis  orpcni,  in  whieh  lie  the  terminal 
ramifieations  of  the  eoehleai*  nei'ye. 


Fi(i.  271. 


Inner  pillars 

Fragment  of  the  organ  of  Corti  of  a ral)hit. 


Phnhütfies 
Oiiter  hnir 
cells 

FInt  process 
of  onter 
pillor 
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(\irti’s  Organ  eovers  the  inner  [>art  of  the  membrana  basil- 
aria.  The  part  is  ealled  the  zona  tecia,  as  opposed  to  the 
outer  part,  whieh  is  striated  on  its  siirfae(‘,  and  is  known  as 
the  zona  pectinata. 

If  we  observe  the  organ  of  Corti  in  a radial  section  of  the 
eochlea,  we  see  that  it  is  made  up  of  an  inner  and  an  outer 
part,  whieh  are  made  u])  of  autU/ori/  ce//s  and  siipjiortinc/  ccUft. 

24 


370 


M1CR0SC0I*IC  AN  ATOM  Y OF  THE  ORGANS. 


These  parts  are  tJie  iimei*  and  outer  segmeiits  of  tlie  oigaii  of 
Corti,  and  are  situated  on  eitlier  side  of  CortVa  arch. 

In  Fig.  270  it  is  seen  tliat  the  epithelial  cells  frorn  the  sul- 
cns  spiralis  internus  ontward  beeorne  higher  and  pass  over  into 
the  inner  seginent  of  the  or2:an  of  Corti.  Two  kinds  of  cells 

o o 

cau  be  recogiiizeil  in  tliis  region.  Those  of  oiie  kincl  are  pro- 
vicled  with  üne  hairs  011  the  npper  free  surface,  and  are  known 
as  the  inner  hair  cells  or  auditory  cells.  They  are  arranged  in 
a row  bordering  011  the  arch  of  Corti.  They  are  cylindrical 
structures,  whose  lower  thickened  parts  contain  large  nticlei. 
They  do  not  reach  to  the  membrana  basilaris. 

The  npper  free  surface  of  these  cells  is  marked  by  a cntic- 
iilar  border  which  is  broader  tliaii  the  npper  end  of  the  cell 
body ; and  carries  abont  twenty  hne  stiff  hairs.  These  are 
essentially  sense  cells,  enteritig  into  coinmnnication  with  the 
terminal  ramifications  of  the  cochlear  nerve  fibres. 

finst  inteiaial  to  the  hair  cells  we  find  three  or  fonr  rows  of 
high  cells  which  act  as  snpjdorts  for  the  hair  cells.  These  are 
called  the  snpportiny  cells  or  inner  roof  cells. 

Toward  the  ontside  the  hair  cells  lie  on  the  cells  of  Corti’s 
arch.  The  latter  consist  of  two  rows  oi'  so-cnlled  pillars  (pillar 
cells).  AVe  distingnish  the  i)iner pillarr  and  the  outer  pdlars  of 
the  arch  (Figs.  271  and  272).  These  are  somewhat  S-shaped, 
and  lean  toward  one  another,  so  tliat  their  npper  ends  are 
joined,  and  lower  ends  resting  011  the  membrana  basilaris 
are  far  apart.  In  this  way  they  form  an  arch — arcus  spirahs — 
which  partly  encloses  the  canal  of  Corti. 

The  / nner  pillars  are  strong  fibres,  euch  spread  ont  at  its 
base  to  form  a foot-plate  resting  011  the  membrana  basilaris. 
The  npper  end  (head  end)  is  thickened  and  hollowed  to  form  a 
socket,  in  which  the  head  of  the  outer  pillar  fits.  The  length- 
ened  npper  part  forms  a Üat  process  or  head-plate  overlying 
the  head  of  the  onter  ])illar.  The  middle  part  or  body  of  the 
pillar  is  thin,  and  shows  on  dose  examination  a striation  which 
indicates  a fibrons  strnctnre. 

The  outer  pillars  are  constrncted  similarly.  They  are  some- 
what larger  and  broader  than  the  inner  pillars,  so  tliat,  for 
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exainple,  in  tlie  g’uiiie}i-[)ig,  ten  iiiiU3r  pillars  c()iTesj)ond  with 
eigilt  Guter  pillars  (Fig.  271).  The  inner  pillars  are  niore 
nunierous  than  tlie  onter.  The  heads  of  the  latter  are  variable 
in  form.  There  is  a rounded  joint-surfaee  which  lits  into  the 
socket  of  the  head  of  the  inner  ])illar.  From  this  it  liends 
outward  and  fornis  a fiattened  oar-shaped  process,  which  enters 
between  the  ujiper  free  end  surfaces  of  the  onter  hair  cells, 
which  will  be  described  later  (Figs.  271  and  272).  The  thin 


Fhj.  272. 

Flat  process  of 
out  er  plllar 


cells 

Piece  of  tlie  orjj;an  of  (’orti  of  a ralibit,  seen  from  above.  X 470. 


head-plates  of  the  inner  pillai*s  cover  the  heads  of  the  onter 
pillars  and  a part  of  the  oar-like  process.  That  these  struct- 
ures  are  differentiated  trom  the  cells  by  a kind  of  cuticular 
forniation  is  siiown  by  their  connection  with  nncleated  niasses 
of  protoplasm.  On  the  inner  surface  of  the  onter  pillar,  in 
the  angle  between  the  foot-})late  and  the  membrana  basilaris, 
we  lind  such  a collection  of  protoplasm.  ddie  inner  pillar,  on 
the  contrary,  possesses  two  similar  accnmnlations  of  ])roto- 
plasm,  one  at  the  base  and  the  other  on  the  onter  surface  of 
the  body  of  the  pillar. 

External  to  the  onter  pillars  we  find  the  oider  hair  cells. 
These  are  like  the  inner  hair  cells,  with  the  exception  that  each 
contains  in  the  npper  half  in  the  neighborhood  of  the  cuticular 
border  a dark  round  body  which  is  known  as  llenseiis  spiral 
hody. 

Their  hairs  are  somewhat  shorter  than  those  of  the  inner 
hair  cells.  They  are  arranged  in  three  or  four  rows,  which  are 
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separated  froiii  one  anotlier  by  ruwH  of  celh 

iiig  cells).  The  latter  are  llask-sliaj)ed  eells,  each  of  whicli 
rests  011  the  niembraiia  basilaris  by  a iiarrow  base.  The  iniddh* 
thicker  }>art  of  the  cell  coiitaiiis  a large  micleiis,  and  becomes 
11111  ch  siiialler  above  to  form  a process  which  widens  out  at  the 
eiid  iiito  a cutieiilar  structure,  the  so-called  phaUmx.  ln  the 
nxis  of  each  Deiters’  cell  there  is  a thin  firm  fibre  which 
])asses  above  into  the  phalanx  and  acts  as  n siijiportinü’ 
niechanism  for  these  cells.  It  is  a cuticiilar  differentintion 
of  the  cell  })rotoj)lasni. 

The  phalanges  are  related  to  one  another  in  such  a way 
that  they  form  a delicate  network  (onenihrami  reticularis,  Fig. 
*271).  The  spaces  are  filled  by  the  cnticidur  borders  of  the 
oiiter  hair  cells. 

Between  the  cells  of  this  outer  seo'inent  of  Corti’s  ormin  is 

^ o 

a vvhole  System  of  iiitercellnlai’  spaces,  which  in  the  itpjier  half 
separate  the  siipjiorting  and  auditory  cells  front  one  another  ; 
while  in  the  lower  half,  where  the  hair  cells  are  not  jiresent, 
they  separate  oiily  the  supjiorting  cells  ( Fig.  270).  Tliis  whoie 
System  of  spaces,  together  with  the  s})aces  wliich  are  left 
between  the  outer  jiillars  and  the  inner  row  of  outer  hair  cells, 
is  known  as  Xu(Ts  sj)arc.  It  communicates  with  the  canal  of 
( brti  by  nieaiis  of  narrow  spaces  between  the  thin  bodies  of  the 
outer  pillars.  This  entire  canal  System  is  lilled  with  endolymph. 

Fastened  to  the  last  row  of  Deiters’  sup})orting  cells  there 
are  many  (tiye  to  eight)  rows  of  cylindrical  cells,  the  so-called 
Henles  cells.  These  become  cubical  toward  the  outside,  and 
form  about  ten  rows  on  the  membi-ana  basilaris  of  the  so-called 
cells  of  Claudius.  In  man  both  kinds  of  cells  may  contain 
pigment  granules. 

iMention  must  still  he  made  of  a cutictdar  structure  which 
is  called  the  memhraua  teetoria  (Cortii)  (Fig.  270).  It  is  a yery 
thin  membrane  of  cells  adhering  to  the  limbus  spiralis.  At 
the  border  of  the  labium  vestibuläre  it  becomes  free,  covers 
over  tlie  siilcus  spiralis  internus,  and  lies  on  the  organ  of  Corti. 
The  free  thin  border  reaches  up  to  the  ou termost  row  of  outer 
hair  cells.  The  structure  of  this  membraue  is  purely  fibrillär. 
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Into  the  oro’an  of  Corti  tlie  ramas  cochlearis  of  tlie  ii.  acusti- 
cais  seiuls  its  eiul  rainifications.  It  passes  iip  in  tlie  axis  of  tlie 
coclilea  and  gives  off  branelies  wliicli  rnn  toward  tlie  lainina 
spiral  is  ossea.  Hei’e  at  its  base  the  coelilear  nerve  possesses  a 
<ninodion  wliieli  follows  the  s|)iral  windings  of  the  coclilea,  and 
is  therefore  known  as  the  (jcuKjlion  spirale.  J'^ach  niednllated 
nerve  libre  passes  over  into  a bipolar  ganglion  cell.  The  sec- 
ond  pi’ocess  originating  in  the  ojiposite  pole  of  the  cell  becomes 
a rnediillated  fibre.  This  eiiters  the  laniina  sjiiralis  ossea,  and 
takes  part  in  the  forination  of  a nervous  plexns.  In  passing 
throngh  the  foraniina  nervina  these  fibres  lose  their  inednllarv 
sheaths  and  enter  the  organ  of  Corti  as  naked  axis  cylinders. 
Here  they  lie  in  many  Imndles,  which  in  part  rnn  spirally  in 
the  coclilea,  and  in  part  proceed  directly  to  the  bases  of  the 
inner  and  onter  hair  cells,  passing  tlirongli  the  canal  of  Corti 
and  the  space  of  Nuel.  The  terininal  branches  of  the  fibres 
snrronnd  the  lower  parts  of  the  hair  cells  and  end  on  their  snr- 
face.  These  cells  are  sense  cells,  which  take  n|>  anditory  ini- 
pressions  and  pass  them  on  to  the  first  peripheral  nenrones, 
whose  cell  bodies  lie  in  the  ganglion  spirale. 

(S)  Blood-vessels  of  the  Memhranoas  Labyrinth. 

The  brauch  of  the  arteria  auditiva  which  siipplies  the  mem- 
branous  labyrinth  breaks  np  into  three  twigs,  naniely,  the  art. 
vestibnlaris,  the  art.  cochlearis,  and  the  art.  vestibnlocochlearis 
( Siebenmen  n). 

(a)  Ihe  arteria  vestihularis  snjiplies  the  n.  vestibnlaris,  the 
npper  and  lateral  parts  of  the  sacciihis  and  ntricnlns,  and  the 
ampiillae  of  the  npper  and  lateral  semicirciilar  canals. 

(b)  riie  arteria  vestibuloeochlearis  snpplies,  by  its  vestibulär 
brauch,  the  lower  median  half  of  the  saccnlns  and  ntricnlns,  the 
posterior  ampnlla,  the  lower  end  of  the  cochlea;  and  by  its 
cochlear  brauch  the  first  third  of  the  first  coil  of  the  cochlea. 

(e)  The  rest  of  the  cochlea  is  snpplied  with  blood  bv  the 
arteria  cochlearis.  This  breaks  ii|)  in  the  axis  of  the  cochlea 
into  three  or  fonr  branches,  which  rnn  spirally  and  give  off' 
nnmerons  twigs  in  radial  direction.  Some  of  tiiese  a,re  for  the 
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gaiiglioii  spirale,  some  for  tlie  lamiiia  spiralis,  and  soine  fbr 
the  walls  between  tlie  scalie.  Tlie  last  branclies  inentioned 
run  to  the  stria  vasciilaris,  where  they  form  a rieh  network 
of  capillaries. 

Of  the  eapillary  networks  which  arise  from  these  arteries 
of  the  meinbranous  labyrinth,  those  of  the  maculse  and  crista? 
ai’e  the  densest. 


The  venoiis  blood  escapes  from  the  mernbranous  labyrinth 
by  three  separate  venous  trimks : 

(a)  The  vena  aqmeductvs  vedibuU  eollects  the  blood  from 
the  semicircular  canals  and  j^artly  from  the  utriculiis. 


Fig.  273. 


Cochlea  of  human  adult,  showing  hlood-vessels.  X 12.  (After  Eichler.)  a,  arteries; 

V,  veins. 


(ö)  The  vena  aqumducius  co(dtlece  carries  the  blood  from  a 
paid  of  the  iitriculus,  tlie  sacciiliis,  and  the  cochlea.  The  veins 
of  the  cochlea  run  mainly  in  the  walls  of  the  scala  tympani. 
They  uiiite  to  fonn  the  venw  spirales^  which  lie  under  the  spiral 
ganglion.  We  distinguish  two  spiral  veins:  the  lower  (pos- 
terior) eollects  the  blood  from  tlie  first  and  part  of  the  second 
coil  of  the  cochlea;  the  upper  (anterior)  drains  the  upper 
Segments  of  the  cochlea. 

The  above-mentioiied  vas  qwominens,  as  well  as  the  vas 
fipirale  which  runs  in  the  tympaiial  layer  of  the  membrana 
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basiliiris,  o[)eiis  iiito  tlie  veiia  spiralirt,  wliicli  at  tlie  same  time 
«irries  a part  of  tlie  blood  tVoni  the  ganglioii  spirale. 

(c)  The  central  cochlear  vein  drains  the  hiood  frorii  the 
lamiiia  spiralis  and  partly  from  the  spiral  ganglion.  It  opens 

iiito  tlie  vena  auditiva  interna,. 

The  general  relatioiis  of  the  iirteries  and  veins  of  the 
eochlea  are  shown  in  Fig.  273,  taken  from  Eichler’s  work. 

(4)  Lyniph  Paths  in  the  Labyrintit. 

The  ductm  endolymphaticin^  widens  ont  to  form  a flat  sac 
t^saccM^  endolyniptiaticus)^  which  lies  at  the  ])OSterior  snrface 
of  the  hone,  between  two  folds  of  the  diira  mater.  It  commu- 
nicates  with  the  subdiiral  lymph  spaces  by  nieaiis  of  flne  canals. 

The  perilymphatic  spaces  are  placed  in  communication  with 
the  snbarachnoideal  space  mainly  by  means  of  the  ductu>i  peri- 
lymphaticus.  Besides  the  lymph  spaces,  the  blood-vessels  are 
surrounded  by  perivascnlar  spaces. 


(?>)  The  Middle  Ear. 

The  tynipanic  cavity  lies  in  the  temporal  bone,  bonnded  on 
the  ontside  by  the  membrana  tympani.  It  contains  three  small 
bones  or  ossicles,  the  stapes,  malleus,  and  incus.  Tlie  entire 
linin«:  membrane  consists  of  a single  laver  of  flat  cells.  In  the 
region  of  the  opening  of  the  Enstachian  tnbe  it  possesses  more 
than  one  layer  of  ciliated  cells.  Small  alveolar  glands,  such 
as  have  been  described  by  some  anthors,  occiir  here  only 
exceptionally. 

The  niucons  membrane  of  the  Pustachian  tnbe  is  covered 
throughout  its  whole  length  with  ciliated  ejiithelial  cells,  which 
are  arranged  in  a double  layer.  In  the  cartilaginons  parts 
these  cells  are  higher,  and  among  them  are  fonnd  goblet  cells. 
The  ciliary  movement  is  directed  toward  the  pharynx.  The 
Stratum  proprium,  which  consists  of  a fibrillär  connective  tissue, 
is  United  with  the  periosteum  in  the  bony  parts.  In  the  carti- 
laginous  parts,  on  the  contrary — i.  c.,  in  the  region  of  the 
ostium  pharyngeum — there  are  niucous  glands  and  collections 
of  leucocytes  to  form  adenoid  tissue.  There  are  fornied  here 
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lympli  follidas,  wliicli  taken  togetlier  are  ealled  tahal  touüls. 
J lie  cartilage  ot  tlie  tiibe  preseiits  the  structure  ot*  librous 
cartilage  in  tlie  pharyngeal  seetion.  Soinetimes  elastic  üssne 
also  is  present  in  tlns  cartilage.  ln  tlie  ii[)])er  parts  of*  tlie 
tnbe  the  cartilage  is  hyaline. 

(c)  The  Guter  Ear. 

V 

riie  tympanic  memhrane  (drum)  forins  the  boundary  be- 
tween  tlj^el  middle  and  the  onter  ear.  It  is  made  np  of  three 
layers:  the  innermost  or  a continnarion  of  the  mucous  mem- 
brane  of  the  tympanic  cavity  ; the  ontermost,  on  the  contrary, 
is  connected  with  the  covering  of  the  external  meatus.  From 
within  ontward  the  laveis  are  : 

The  niucons  hiyer  (sti'atnm  mucosnm) ; 

(2)  The  librous  laver  (lamina  ju'ojiria)  : and 
(.3)  The  cutaneous  layer  (stratnm  cataneiim). 

(1)  The  sirOit  }(ni  }iiucosutit  consists  of  a single  layer  of  flat 
e])ithelial  cells  and  a thin  connective-tissiie  sheath  which  is 
intimatelv  connected  with  the  librous  laver. 

(^2)  The  l(nnh((i  jjropria  is  made  np  of  two  layers  of 
(‘onnective-tissue  libres,  the  inner  circular  and  the  outer 
radial.  The  two  lavei*s  are  liound  tooether  bv  a little  loose 
connective  tissne. 

(8)  The  i<tratuin  (‘atanetnn  consists  of  stratifled  epithelium 
and  a thin  connective-tissue  corium  in  which  no  papillae  are 
present.  The  epithelium  is  made  up  of  a Malpighian  layer 
ofoneor  two  rows^of  cells  and  manv  lavers  of  corneous  non- 
nucleated  epithelial  cells. 

The  skin  of  the  external  meatus  has  a different  structure  in 
its  various  parts.  Tlie  subcutaneous  tissne  is  flrm  and  the  corium 
shows  011  ly  very  ])00]*ly  developed  papillte.  Xumerous  hairs 
and  sebaceous  glands  occur  here.  Large  coil  glands  (glandula? 
ceruminoste),  whose  structure  resembles  that  of  large  svveat 
glands,  are  also  found.  Two  parts  can  be  recognized  in  these 
glands:  the  secretiim’  bodv  of  the  dand  and  the  duct.  The 
first  consists  of  a laver  of  cubical  stland  cells,  a laver  of  smooth 
miiscle  cells,  and  a homogeneous  membrana  propria.  The 
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(lucts  are  lined  witli  a double  layer  of  epithelial  cells.  Tlu^ 
cells  tlirougliout  tlie  whole  glaud  sliow  a euticidar  bordei*  on 
the  side  toward  tlie  lunieu.  Fliese  glaiidular  tubiiles  ai*e  dis- 
tino'uished  froin  sweat  glauds  bv  tlieir  wide  liimeiia,  and  by 
tlie  fact  tliat  tlie  glaiid  cells  coiitaiii  graiiiiles  of  different  kiiids. 
Of  tliese,  tlie  iiiost  miiiieroiis  are  yellowisli-browii  pignieiit 
o'raiiules.  Otlier  o-raiiules  reseiiible  fat  in  tlieir  actioii  toward 
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osmic  aeid,  altliongli  tlieir  otlier  [iroperties  do  not  corres|)ond 
witli  this  (Schwalbe).  These  coil  glands  open  in  the  newborn 
into  the  liair  follicles.  ln  the  adnlt,  on  the  contrary,  tlieir 
orifices  are  on  the  free  skin  snrface  near  the  hair  follicles 
(Alzheimer). 

The  cerumen  or  wax  consists  of  a secretion  of  the  coil  glands 
(fat  droplets  and  pigiiient  grannles),  together  with  haii'S  and 
desqnamated  epithelial  cells. 

The  cartila<xe  of  the  external  nieatns  is  elastic  like  that  of 

o 

the  anricle. 

The  ölood-vessek  of  the  ear  drnni  are  derived  partly  from  the 
vessels  of  the  tympanic  cavity,  and  partly  from  those  of  the 
external  meatus.  Here  two  vascular  networks  can  be  dis- 
tingnislied,  the  inner  of  wliich  lies  nnder  the  stratnni  niucosnnp 
while  the  outer  is  sitnated  between  the  epiderniis  and  the 
lamiiia  propria.  Each  of  these  networks  surronnds  the  handle 
of  the  mal  lens,  and  forms  a ridge  aronnd  the  bordei*  of  the 
tympanic  membrane.  The  vessels  of  the  central  part  and  those 
of  the  edge  of  the  membrane  are  tlins  connected.  Yenons 
vessels  of  botli  plexnses  anastomose  with  one  another  by  nieaiis 
of  perforating  branches  (Moos).  The  lymph-vessels  of  the 
ear  drum  have  an  arran gement  similar  to  that  of  the  blood- 
vessels.  Fine  networks  of  nerves  have  been  fonnd  in  this 
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4.  OLFACTORY  ORGAN. 

Having  in  view  the  strnctnre  of  the  nasal  mncons  membrane, 
the  nasal  cavity  may  be  divided  into  three  regions : 

(1)  The  regio  vestibnlaris  ; 

(2)  The  regio  respiratoria  ; and 

(3)  The  regio  olfactoria. 
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(1)  The  regio  vestUmlm'is  is  coverecl  with  a continuation  of 
the  outer  skiii,  whicli  gradually  takes  oii  the  cliaracter  of  a 
miicous  membrane.  The  outer  layer  is  a stratified  pavement 
epitheliuin  which  contains  hairs,  sebaceous  glands,  and  sweat 
glands.  A short  distance  from  the  outside,  however,  the  hairs 
and  glands  disappear,  the  epithelium  becomes  like  that  of  a 
niucous  membrane,  and  mucous  glands  are  found. 

(2)  The  transition  from  this  region  to  the  regio  respiratoria 
varies  in  different  individuals.  Usually  it  is  marked  by  the 
appearance  of  a layer  of  ciliated  epitlielial  cells,  the  nuclei  of 
which  are  at  various  levels.  Goblet  cells  are  present  in  vary- 
ing  number.  The  connective-tissue  tunica  propria  is  thinner 

in  the  accessorv  nasal  cavities  than  elsewhere.  It  contains 

%/ 

usually  a great  many  leucocytes,  whicli  wander  through  the 
e])ithelium  into  the  nasal  cavity.  Branched  tubulär  glands — 
mucous,  serous,  and  mixed — are  present. 


Fig.  274. 


From  a vertical  section  tlirougli  the  niucous  menihrane  of  the  regio  olfactoria  of  a quite 

youiig  dog.  (Golgi’s  method.)  X 450. 


(8)  The  regio  olfactoria  is  distinguished  fi’oni  its  surround- 
ings  by  its  yellow  coloration.  The  olfiictory  epithelium  char- 
acteristic  of  this  region  is  made  up  of  a single  layer  of  cylindri- 
cal  cells  whose  nuclei  lie  at  different  levels.  Two  kinds  of  cells 
can  l)e  distinguished  : the  olfactory  cells,  and  the  supporting 


cells  (Fig.  274). 

The  olfactory  cells  are  peripherally  ])laced,  bipolar  ganglion 
cells,  the  bodies  of  which  lie  in  the  epithelial  layer.  The 
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iiucIgus  is  round,  witli  a dijstiiict  nuclooliis,  and  tliG  protoplasm 
tbrms  a spindle-sha[)ed  cell  sendiiig  out  two  processes.  ilie 
upper  one,  wliicli  reaclies  to  tlie  free  surface  of  tlie  epithelial 
layer,  is  very  short.  It  bears  oii  its  free  end  a nuinber  (six 
to  eight)  of  lirm  short  hairs.  The  lower  thiiiner  process  passes 
over  to  form  the  axis  cylinder  of  a ceiitripetal  nerve  fil)re, 
which  ruiis  to  the  bulbus  olfactorius  (Fig.  274). 

The  supportmg  cells  (Fig.  274)  are  in  many  ways  com- 
|)arable  with  the  Müller’s  fibres  of  the  retina.  I hey  are  ej)i- 
thelial  cells  of  a cylindrical  form,  which  Ix^corne  smaller  at  the 


Fig.  275. 
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Vertical  section  through  the  mucous  menihrane  of  the  resio  olfactoria  of  a rabhit.  X 360. 


lower  end.  Ömall  de])ressions  in  the  lateral  surfaces  are  ofteii 
seen.  These  are  filled  up  by  the  bodies  of  the  olfactory  cells. 
The  basal  ends  of  these  cells  are  often  foidved,  so  tliat  thev 
touch  the  basal  membrane  with  two  or  more  parts.  The  oval 
luiclei  lie  at  the  same  level  in  the  thicker  part  of  the  cell. 
The  protoplasm  contains  yellowish  pigment,  wliich  gives  to  tliis 
part  of  the  mucous  membrane  a characteristic  color.  The  sup- 
porting  cells  possess  a fine  cuticular  border.  The  borders  of 
all  the  cells  stand  in  such  dose  connection  with  one  another 
that  they  form  a membrane,  the  memhrana  Imiitans  olfacAoria, 
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wliich  allows  of  tlie  ])assage  of  tlie  periplieral  Iiair-bearing  eiids 
of  tlie  olfactory  cells  tlirougli  small  spaees.  At  tlie  lower  edge 
of  tlie  epitlielium  in  tlie  regioii  of  tlie  forked  basal  eiids  of  tlie 
supportiiig  cells  tliere  lie  tlie  so-called  basal  cells.  These  are 
coiiical  cells  arranged  in  a row  and  joined  togetlier  by  proc- 
esses.  Tlieir  iiuclei  form  tlie  lowest  row  in  tlie  wliole  epi- 
thelial layer. 

The  conneetive-tissiie  tmvica  propria  fornis  a compact  layer 
under  the  epitlielium.  It  contains  a fine  network  of  elastic 
fibres,  a large  nuinber  of  leucocytes,  and  a few  pigment  cells. 
Numerous  glaiids  are  also  present  (Fig.  275).  These  (jkuiduhe 
olfactorice  fBowniann)  are  simple  or  branclied  tubulär  serous 
glands.  They  open  on  the  siirface  of  epitlielium  by  means  of 
narrow  ducts  lined  with  fiat  epitlielium. 

The  non-medullated  fibres  of  the  olfactory  nerve  passing 
through  the  tunica  propida  toward  the  bulbus  olfactorius  are 
derived  from  the  lower  processes  of  the 'olfactory  cells.  On 
the  other  hand,  there  are  branches  of  the  trio;eminal  nerve 
wliich  end  freely  in  the  tunica  propria  and  epithelial  layer, 
and  also  in  the  resniratorv  reOon. 

1 C/  O 

The  arteries  runniiig  in  the  deejier  parts  of  the  tunica  pro- 
pria break  up  into  fine  branches,  wliich  form  three  capillary 
Systems  (Zuckerkandl).  One  lies  deep  down  in  the  perios- 
teuni,  one  surrounds  the  glands,  and  the  third  forms  a network 
immediately  under  the  epitlielium.  The  veins  niake  up  a 
strongly  developed  plexus  in  the  deeper  parts  of  the  tunica 
propria.  This  takes  part  in  the  formation  of  the  erectile 
bodies. 

The  lymph-vessels  are  arranged  in  a network  in  the  tunica 
projiria.  Those  of  the  olfactory  region  niay  be  injected  from 
the  subarachnoideal  space ; for  the  olfactory  nerve  is  sui- 
rounded  by  a continuation  of  the  membranes  of  the  brain. 

Jacohsoid s onjaa  is  to  be  regarded  in  man  as  a rudimentary 
structure.  It  contains  no  sensorv  cells.  In  the  lower  animals, 
on  the  contrary,  it  is  functional,  and  lias  the  sanie  structure  as 
the  olfactory  mucous  membrane. 
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5.  ORGAN  OF  TASTE. 

Tlie  triie  oftaste  are  tlie  so-c'alled  taste  huds.  Tliese 

are  [)i*eseiit  espeeially  on  tlie  ii|)[)er  snrface  of  tlie  toiigiie  in 
tlie  cireuiiivallate  papilhe.  'fliey  ai*e  foiiiul  in  some  animals 
(rabbit)  in  tlie  j)a])illa  foliata  (Figs.  122  and  270).  Tliey  are 
niet  witli  also  in  tlie  fungiforrn  pajiilbe,  in  tlie  soft  palate, 
ibe  uvula,  and  tlie  jiostei’ior  snrface  of  tlie  ejiiglottis. 
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laste  buds  are  splierical  or  oval  niasses  of  cells  wliicli  oecupy 
tlie  wliole  tliiekness  of  tlie  epithelial  layer  in  wliicli  tbey  lie. 
At  the  periplieral  end  tliere  is  an  opening  in  tlie  epitlielinni 
called  the  taste  pore,  or  gnstatory  pore. 

In  eaeh  taste  bud  there  can  be  distingnished  two  kinds  of 
epithelial  cells:  the  snpporting  cells,  and  the  gnstatory  cells 
(neuro-epithelial  cells). 

1.  The  sripporting  cells  are  sitnated  espeeially  on  the  snrface 
of  the  taste  bud,  bnt  are  present  also  in  its  interior.  They  are 
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eloiigated  cells,  the  periplieml  eiids  of  wliicli  usually  are  drawn 
out  into  poiiits  wliicli  |)roject  into  tlie  giistatory  pore.  ddie 
iiucleiis  ügs  in  tliG  thickGiiGd  part  ot  tliG  cgII,  and  niay  bG  at 
GitliGi*  Gnd. 

2.  TliG  giistatory  cells  arG  nmcli  likG  tliG  supporting  cgIIs  in 
a[)pGarancG.  TliGy  arG  long  spindlG-shapGd  cgIIs,  wliicli  are 
tliickGiiGd  in  tliG  rGgion  of  tliG  iuicIgus.  At  tliG  poripliGral  froG 
Giid  Gacli  possGssGS  a i-GfractivG  liair-likc  structurG  wliicli  pro- 
jccts  into  tliG  giistatory  porG. 


Fig.  277. 


Flat  brancliGd  basal  cells  liavG  bGGii  dGScriliGd  by  F.  Hgi- 
niann  at  tliG  basG  of  tliG  tastG  buds.  TIigsg  liavG  probably  tliG 
function  of  supjiorting  cgIIs. 

Accoi*ding  to  iigwgi*  invGstigations  (RGtzius,  ArnstGin, 
V.  LgiiIiossgIv),  tliG  giistatory  cgIIs  arG  connGctGd  witli  tliG 
glosso|)liaryngGal  iiGrvG  only  by  contact.  TIig  brancliGS  of  tliis 
iiGrvG  form  a iiGtwoi’k  in  tliG  tiinica  propria,  froin  wliicli  fine 
biindlGs  of  librcs  procGcd  to  makc  iip  a subcpitliGlial  plcxiis. 
BoniG  of  tliG  iiGrvG  fibrGS,  wliicli  arc  botli  niGdullatGd  and 
non-niGdullatGd,  Guter  tliG  taste  buds,  wliile  otliers  end  be- 
tween  tliese  structures.  The  intragemmal  nerve  fibres — i.  e., 
tliose  enterins:  tlie  bud — «ivG  off  nuinerous  branclies  wliicli 
Surround  tlie  cells  of  tlie  buds,  particularly  tlie  giistatory  cells. 
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Miul  run  almost  up  to  the  giistatory  pore.  Tliey  eiid  by  memis 
of  minute  swellings  wliicli  lie  on  tlie  gustatory  cells.  dlie 
intergcmmal  tibres  wliicli  end  betweeii  the  taste  buds  do  not 
differ  in  tlieir  terrnination  from  other  free  nerve-endings  in 
stratified  pavement  ej)itlieliiini.  Their  dendritic  end  branclies 
run  to  the  most  superficial  layers  of  corneous  epithelium, 
wliere  they  terminate  in  fine  eml  bulbs. 


GENERAL  MICROSCOPIC  TECHNIQUE. 

1.  THE  MICROSCOPE. 

Altbough  it  is  impossible  bere  to  enter  into  a detailed  dis- 
cussion  of  the  theory  of  the  inicroscope,  it  is  nevertheless 
necessarv  to  give  an  outline  ot  its  main  parts.  Two  kinds  of 
iilicroseopes  may  be  spokeii  of : the  simple  microscope,  which 
coiitains  only  simple  lenses,  and  the  compound  microscope,  in 
wliicli  there  are  nianv  lens  Systems.  The  latter  instrument  is 
mnch  niore  powerfnl  than  the  former.  It  consists  of  two  parts, 
the  stand  and  the  lenses. 

The  stand  consists  of  an  npright  colnmn  which  rests  on 
a wide  base.  Fastened  to  this  is  a hollow  cy linder,  in 
Avhich  fits  the  tuhe  which  contains  the  lenses.  There  is  also  a 
platform  or  stage  for  the  object  examined,  and  a mirror.  The 
Stage,  which  is  sitnated  between  the  tube  and  the  mirror,  has  at 
the  point  opposite  the  end  of  tlie  tnbe  a ronnd  hole  throngh 
which  the  light  rays  are  reflected  from  the  mirror  to  the  object. 
The  intensity  of  tliis  light  is  regnlated  by  a diaphragm,  which 
is  placed  under  the  opening  in  the  stage.  This  may  be  the 
so-called  iris  diaphragm,  which  can  be  controlled  by  the  liand, 
so  that  the  opening  may  be  made  any  size  that  is  wislied.  The 
mirror  nsnally  possesses  a flat  surface  on  one  side,  which  is 
used  with  low  magnifications ; and  a concaye  surface  on  the 
other  side,  to  be  used  when  higher  magniflcations  are  employed. 
With  the  concaye  mirror  the  liglit  rays  are  conyerged  on  the 
object.  In  Order  to  concentrate  the  light  rays  still  niore,  the 
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s(j-called  Abbe’s  condenser  is  iised.  Tliis  is  of  especial  Service 
wheii  verv  high  powers  are  used. 

Tlie  tiibe  of  the  microseope  can  in  inost  instriiinents  be 
nioved  u]>  and  down  by  two  mechanisnis,  tlie  coarse  adjustment, 
which  consists  of  a rack  and  pinion  ; and  the  ßxte  adjudment , 
whieh  is  niade  np  of  a iiiicrovieter  screw  at  tlie  upper  end  of  the 
djiright  column.  l>y  turning  this  to  the  right  oi*  left.  the  tnbe 
niav  lie  lowered  oi*  i’aised  bv  a fraction  of  a niilliinetre. 

The  essential  ])art  of  the  inicroscojie  is  the  lens  System. 
There  are  two  parts  of  this,  tlie  ocular  (eye  |»iece)  and  the 
ohjective.  Tlie  oenlar  tits  in  the  npper  end  of  the  tnbe,  while 
the  objective  screws  inlo  its  lower  end.  The  oculai'  is  a 
hollow  cylinder  with  a lens  at  eacli  end.  The  npper  lens  is  the 
(H'ülav  lens,  the  lowei’  one,  the  collevtive  lens.  The  objective 
consists  of  a whole  series  of  convex  lenses  (tliree  or  fonr),  of 
which  the  smallest  one  lying  next  the  object  to  be  exainined  is 
called  the  front  lens.  We  distingnish  two  kinds  of  objectives, 
the  dri/  lens  and  the  oil-ininiersion  lens.  The  lirst  serves  all 
ordinary  pnr[)os(*s  ; while  the  latter  is  nsed  in  the  study  of  finer 
cellular  and  nuclear  structure,  as  well  as  in  bacteriological 
study.  The  difference  between  these  two  kinds  of  lenses  con- 
sists  in  the  ])resence  of  a layer  of  air  between  die  dry  lens  and 
the  object;  while  with  the  ininiersion  lens  tliei'e  is  interposed  a 
niedium  between  the  lens  and  the  object,  wliich  lias  a relractive 
index  nearly  eipial  to  that  of  glass.  This  is  of  iniportance, 
liecause  the  rays  of  light  from  the  object  miist  pass  through  the 
cover  glass  into  the  air  before  tliey  reach  the  objective.  In 
passing  over  from  die  glass  to  the  air  the  rays  are  bent  out- 
wai'd,  and  a part  of  them  tliiis  do  not  enter  the  objective.  By 
iisins:  a denser  medium  tlian  air  this  difficnlty  is  obviated. 
For  this  purpose  cedar  oil  generally  is  used — a drop  is  placed 
011  the  cover  glass  over  the  object,  and  the  tube  lowered  until 
the  front  lens  enters  tlie  oil. 

ln  recent  vears  lvai*l  Zeiss  in  flena  lias  devised  the  so-called 

1/ 

apochromatic  ohjeidive^  by  which  the  chromatic  and  spherical 
aberration  is  overconie. 

A convenieiit  but  unessential  addition  to  the  stand  is  the 
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:^o-called  nose-piece.  This  is  a revolving  objective  holder,  by 
wliicli  the  übjeetives  may  easily  be  chaiiged.  The  iiose-piece 
niay  be  arraiiged  for  the  reception  of  tvvo  to  live  lenses — 
usually  three. 

Finally,  some  praetieal  poiiits  in  the  iise  of  the  inieroscope 
inav  be  nientioned  : 

{a)  The  lenses  and  niirror  shoiild  be  cleaned  only  vvith  fine, 
soft  cloths.  Xylol  and  otlier  fhiids  whieh  dissolve  Canada 
balsani  should  not  be  nsed. 

{b)  The  best  light  is  obtained  froni  a sky  eovered  with 
white  clouds.  Direct  sunlight  is  nsnally  not  good.  Artificial 
li^’ht  never  sfives  as  irood  results  as  indirect  snnlight.  ihe 
Auer  liecht  and  the  incandescent  electric  light  are  the  best 
artificial  sources,  if  iised  with  a blue  glass  over  the  diaphragin. 

(c)  Strong  objectives  need  a streng  light.  With  weak  mag- 
nifications  the  fiat  niirror  can  be  nsed  ; with  higher  powers, 
the  concave  niirror ; and  with  the  highest  enlargenient  a con- 
deiiser  is  necessary. 


{d)  ATith  strong  inagnification  the  dia])hragni  may  be 
enlarged ; with  low  powers  a small  opening  is  nsed. 

(e)  The  focal  distance  of  weak  lenses  is  great.  The  stronger 
the  lens  the  sliorter  the  focal  distance. 

(/)  Everv  object  should  be  examined  first  with  weak  mag- 
nification,  and  afterward  with  higher  ]iowers. 

ig)  Objectives  witli  weak  ocula.rs  give  clearer  pictures  than 
with  strong  ones.  It  is  better  to  use  a strong  objective  with  a 
weak  ocular  than  a weak  olyective  with  a strong  ocular. 


[h)  By  means  of  the  micrometer  screw  different  levels  of 
the  same  preparation  may  be  studied. 


2.  THE  PREPARATION  OF  SPECIMENS  FOR  MICROSCOPIC  STUDY. 

The  elements  of  the  animal  ors:anism  inav  be  investio’ated, 
either  in  the  living  condition,  or  after  having  beeil  prepared 
by  special  methods. 

Only  a few  things  can  be  studied  under  the  microscope  with- 
out  prejiaration.  Among  tliese,  may  be  mentioned  fiuids  such 
as  blood,  urine,  spermatic  Üuid,  etc.  A drop  is  ])laced  on  a 
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glass  slide  and  is  covered  over  witli  a cover  glass  and  examined. 
Tliin  meinbranes  also  {e.  g.,  omentuin,  mesentery,  fascise)  may 
be  examined  in  the  fresli  condition  by  spreading  tliem  out  over 
a glass  side  and  keeping  them  moist  by  rneans  of  an  indifferent 
duid,  such  as  blood  seruin,  physiological  salt  solution,  etc.  In 
investigating  larger  organs  we  must  separate  the  morpliological 
units  from  one  another  or  cut  the  tissue  into  thin  sections. 

(gt)  Isolation  and  Teasing  of  Tissues. 

By  means  of  two  sharp  needles  fresh  tissue  may  be  torn 
apart  so  that  its  elements  are  isolated.  It  is  best  to  have  the 
tissue  immersed  in  a drop  or  two  of  normal  salt  solution. 
Such  tissues  as  tendon,  muscle,  and  nerves  can  be  studied  in 
this  way  to  advantage.  The  elements  of  many  tissues,  however, 
can  not  be  isolated  so  easilv.  In  such  instances  the  cement 

ft/ 

substance  which  binds  the  elements  t02:ether  should  be  dis- 

O 

solved  out  bv  means  of  maceration.  The  most  useful  fluids 

ft/ 

for  this  purpose  are  the  following : 

{a)  liduviers  Diluie  Alcohol  {33  per  cent.). — This  may  be 
made  by  adding  05  cc.  of  distilled  water  to  35  cc.  of  96  per 
Cent,  alcohol.  This  is  a specially  good  fluid  for  isolating 
epithelial  cells.  Small  pieces  of  tissue  which  have  been  left  in 
the  alcoliol  from  six  to  twenty-four  hours  may  easily  be  teased 
out. 

{h)  Potassium  or  sodium  hydrate  is  most  useful  in  a solution 
of  33  per  cent.,  for  the  isolation  of  muscle  elements  (twenty 
minutes)  and  the  elements  of  nails  (three  to  five  hours).  For 
the  study  of  hairs  a 4.6  per  cent.  solution  is  used  for  three  or 
four  days.  The  elements  should  be  examined  in  a solution  of 
the  same  strength  as  that  in  which  they  have  been  macerated. 
Water  should  not  be  added.  Care  should  be  taken  not  to  let 
the  lens  of  the  objective  touch  the  fluids. 

{c)  Very  dilute  formalin  (0.25  per  cent.)  or  potassium  bi- 
chromate  (0.1  per  cent.)  may  be  used  for  the  isolation  of  epithe- 
lial cells.  Tissues  should  be  left  in  these  fluids  one  to  two  days. 

(d)  Hydro  chlor  ic  acid'  is  useful  in  isolating  the  kidney 
tubules.  It  should  act  for  from  ten  to  twenty-four  hours. 
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Maiiy  other  Üuids  may  be  iised  for  special  preparations 
(e.  (/.,  iiitric  acid  (5  per  cent.)  for  the  Isolation  of  muscle 
eleinents,  sodiiim  bicarboiiate  for  tlie  demoiistratioii  of  base- 
ment  membraiies,  paiicreatin  in  tlie  study  ot  connective  tissue, 
and  the  various  destructive  methods  in  the  isolation  of  the 
frameworks  of  Organs). 

(b)  Sectioning  of  Tissues. 

Another  method  of  denionstrating  the  finer  structure  of 
tissues  is  by  means  of  seciions.  These  are  tliin  slices  of  the 
tissue  (1-50  thick),  which  are  cut  with  a sharp  knife  either 
free  hand  or  with  the  help  of  an  apparatus  known  as  the  micro- 
tome.  Free-hand  sections  have  the  advantage  of  being  obtained 
inore  quickly  and  of  not  requiring  such  elaborate  preparation. 
On  the  other  hand,  they  cannot  be  cut  sufhciently  thin  for  all 
purposes ; they  are  not  of  uniform  thickness  throughout ; and 
it  is  impossible  to  cut  two  successive  sections  exactly  the  same 
thickness.  The  microtome  is  an  instrument  which  is  so  arranged 
that  the  object  to  be  cut  is  fixed  on  a stand  which  may  be 
raised  one  or  more  micromillimetres  at  a time.  The  knife  is 
fastened  to  a slidino;  stand,  so  that  a section  is  cut  each  time  it 
is  drawn  back,  and  the  object  stand  raised.  Other  instruments 
have  the  knife  stationary,  and  the  object  stand  connected  with 
a wheel  which  on  each  revolution  advances  the  object  toward 
the  knife  a certain  number  of  micromillimetres.  There  is  an 
apparatus  attached  to  the  instrument  by  which  the  thickness 
of  the  sections  may  be  regulated.  By  means  of  this  the  mi- 
crometer  screw  which  raises  the  object  may  be  set  so  that  the 
sections  are  all  cut  5,  10,  or  15,  etc.,  micromillimetres  thick. 

In  Order  to  obtain  sections  of  this  kind.  the  tissues  should 
be  prepared  by  liardening  and  fixing  them,  so  that  they  are 
firm.  This  may  be  done  by  freezing.  Various  freezing  mixt- 
ures  have  been  employed,  but  the  best  results  can  be  obtained  with 
the  carbon  dioxide  apparatus.  Several  instruments  have  been 
devised  for  the  use  of  this,  but  by  far  the  best  is  that  invented 
by  Bardeen.  Frozen  sections  cannot  be  cut  with  regularity 
thinner  than  15  They  are  rnainly  useful  where  it  is  neces- 
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sary  to  save  time  {e.g.,  in  diagnosis  during  a siirgical  Operation), 
and  where  methods  of  inaceration  or  digestion  are  to  i 
employed  in  the  study  of  tlie  sections. 

Where  finer  and  more  minute  study  is  neeessary,  tlie  sec- 
tions  must  be  fixed  and  hardened  in  various  fluids,  and 
impregnated  witii  parafün  or  cell'oidin. 

(6‘)  Fixation  of  Tissues. 

By  this  term  we  mean  the  killing  and  fixing  of  the  fresh 
tissue  by  means  of  various  fixing  fiuids  in  such  a way  that  the 
structure  remaius  unchanged.  The  object  of  this  is  to  prevent 
subsequent  shrinkage  of  the  tissue. 

Certain  general  rules  with  regard  to  the  use  of  fixing  fluids 
may  be  mentioned  : 

{a)  Fixing  fluids  should  always  be  used  in  large  quantities 
— a volume  flfty  to  a hundred  tim  es  as  great  as  that  of  the 
tissue.  This  is  to  prevent  its  being  too  much  diluted  by  tlie 
fluids  of  the  tissue. 

{b)  The  ]neces  of  tissue  used  should  be  as  small  as  possible. 
Where  a large  section  is  neeessary,  the  |iiece  of  tissue  can  be 
rnade  thin  and  the  section  cut  frorn  its  flat  surface. 

(c)  The  tissue  should  be  taken  perfectly  fresh  from  the 
animars  bodv. 

{(i)  Fixing  fluids  should  be  prepared  freshly. 

[e]  In  the  bottom  of  the  flask  in  which  the  tissues  are  flxed, 
a small  amount  of  cotton  wool  should  be  placed,  to  prevent  the 
soft  tissue  being  distorted  by  lying  against  the  bottom. 

The  most  iiseful  fixino;  ao^ents  are  the  followino; : 

(1)  Absolute  alcohol  is  a good  fixing  medium  for  very  small 
pieces  of  tissue.  It  should  be  changed  often,  and  should  be 
allowed  to  act  for  six  to  twentv-four  hours. 

(2)  Perosmic  acid  (0.5-1  per  cent.  solution)  can  be  used 
only  for  very  small  pieces  of  tissue.  It  has  small  powers  of 
Penetration.  Its  maximum  action  is  obtained  in  six  to  twenty- 
four  hours.  It  should  be  kept  in  the  dark  in  a glass-stoppered 
bottle.  It  is  sometimes  better  to  add  a drop  of  nitric  acid  to 
the  fluid,  to  prevent  its  reduction.  The  vapor  of  osmic  acid  is 
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very  irritatiiig  to  tlie  iiiucous  inembi-anes,  and  tlie  eyes  should 
be  protected  in  iising  it.  Osmic  acid  forms  a part  of  many 
fixiiio’  niixtures.  Tissues  fixed  tlius  sliould  be  waslied  for 
froiii  tweiity-four  to  forty-eiglit  hours  in  riinning  water.  . 

(o)  Flemniings  fluid  (clirom-osmiuin-acetic  acid)  lias  tlie 
following  Constitution:  1 per  cent.  cljroinic  acid,  15  parts ; 

2 per  Cent,  osmic  acid,  4 parts ; ghicial  acetic  acid,  1 part.  idie 
tissne  is  left  in  tliis  from  three  lionrs  to  tliree  days,  and  tben 
waslied  one  day  in  rnnning  water. 

(4)  Hermann' s fluid  (platinnm-osininin-acetic  acid)  consists 
of  15  cc.  of  1 per  cent.  aqneons  platinnm  cliloride  solution  ; 
4 cc.  of  2 per  cent.  osmic  acid  ; 1 cc.  of  glacial  acetic  acid. 
Tliis  is  nsed  in  tlie  sanie  wav  as  Fleniniing’s  flnid.  It  bas  the 
disad  van  tage  of  being  expensive. 

The  last  tliree  flnids  can  be  nsed  in  relatively  small 
(piantities. 

(5)  Müller  s fluid  consists  of  2-2i  grammes  of  potassium 
bicliromate,  1 gramnie  of  sodiuni  sulpliate,  and  100  cc.  of 
water.  A large  quantity  of  this  flnid  sliould  be  nsed.  It 
should  be  kept  in  the  dark  when  nsed,  and  the  tissues  are  left 
in  it,  according  to  tlieir  size,  for  from  six  weeks  to  three 
months.  In  the  first  weeks  the  flnid  should  be  chano;ed  everv 
day  or  two,  and  after  that  twice  a week.  Müller’s  flnid  is 
especially  nsefnl  in  fixing  the  central  nervons  System.  Fairlv 


large  pieces  of  tissne  can  be  nsed. 

(6)  Erlickis  fluid  consists  of  2h  gi’ammes  of  potassium 
bicliromate,  1 gramme  of  copper  sulpliate,  and  100  cc.  of 
water.  It  resembles  Müller’s  flnid  in  its  action,  but  fixes 
the  tissne  in  one-third  of  the  time. 

(7)  Corrosive  Sublimate  (bichloride  of  mercnry)  acts  best  as 
a warm  satnrated  solution  in  physiological  salt  solution,  with 
the  addition  of  1-5  cc.  of  glacial  acetic  acid  to  100  cc.  of  the 
fluid.  The  dnration  of  its  action  varies  accordins;  to  the  size 
and  density  of  the  tissne,  for  from  one  to  twenty-fonr  lionrs. 
With  flnids  containing  corrosive  Sublimate,  no  metal  instruments 
should  be  nsed.  Tissues  so  fixed  should  be  waslied  carefully  in 
running  water  for  from  twenty-fonr  to  forty-eiglit  lionrs. 
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(8)  Zenkei'^s ßuid  lias  tlie  followiiig  com|)Ositioii : potassium 
bicbromate,  2.o  grammes ; sodium  sulpliate,  1 granirne ; corro- 
sive  Sublimate,  5 grammes ; glacial  acetic  acid,  5 ec. ; \vater, 
100  cc.  Pieces  of  tissue  are  lixed  in  tliis  for  from  twelve  to 
twenty-fonr  hours,  and  tlien  Avaslied  in  rnnning  water  for 
from  twenty-fonr  to  forty-eiglit  hours.  This  is  a particularly 
useful  Ünid.  It  may  also  be  nsed  as  a decalcifying  fluid. 


{d)  Hardening*  of  Tissues. 

Hardening  is  bronght  about  best  by  the  use  of  alcohol. 
The  tissue  should  be  taken  from  the  fixing  fluid,  washed  in 
rnnning  water,  and  transferred  to  40-55  per  Cent,  alcohol. 
Prom  here  it  is  put  successively  into  70  per  cent.,  85  per  cent., 
and  90  per  cent.  alcohol.  In  each  of  these  alcohols  it  is  left 
for  from  twelve  to  twenty-fonr  hours.  In  96  per  cent.  alcohol 
it  is  left  loimest,  the  fluid  bei  na;  chaim'ed  several  times.  All 
objects  fixed  in  cori'osive  Sublimate  should  be  washed  in  run- 
ning  watei’  for  from  twenty-fonr  to  forty-eiglit  hours  before 
beina:  transferred  to  alcohol.  If  this  is  not  done,  tincture  of 
iodine  may  be  added  to  the  70  per  cent. alcohol  and  the  tissue 
left  for  some  hours  in  this.  The  object  of  this  procednre  is 
to  a:et  rid  of  the  Sublimate  crvstals  in  the  tissue. 

All  tissues,  with  the  exception  of  hone  and  some  hard 
connective  tissues  [e.  y.,  in  sclerotic  coat  of  eye,  in  penis),  may 
be  cut  into  sections  after  being  irnbedded  in  paraffln  or  celloidin. 
Bone  should  first  be  deprived  of  its  inorganic  material,  and 
resistant  connective  tissues  should  be  treated  with  a dilute 
Solution  of  nitric  acid. 


(c)  Decalcification  of  Bone. 

Oiily  tissues  which  Iiave  been  flxed  and  hardened  should 
be  decalcified.  Fresh  tissues  placed  in  decalcifying  fluids  lose 
the  structure  of  their  soft  ]iarts. 

Pieces  of  bone  are  ])laced  in  a large  quantity  of  the  decal- 
cifying fluid,  which  is  changed  occasionally,  By  means  of  a 
sliarp  needle  it  is  possible  to  determine  when  the  decalcification 
is  complete.  Some  bones  are  decalcified  much  more  easily  than 
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otliers.  The  portion  of  tlie  temporal  bone  coiitaining  tlie  in- 
ternal ear  is  especially  resistant  to  diese  fliiuls.  The  following 
tiuids  are  tlie  inost  useful  : 

(a)  Nitric  Acid. — Aqueous  Solutions  sliould  liave  a strength 
of  froin  1 to  9 ]>er  cent.  The  time  reqnired  varies  considerably. 
Foetal  or  very  small  bones  are  decalcified  in  a 1 |)er  cent.  Solu- 
tion in  from  three  to  ten  days.  For  large  pieces  of  adult 
bone  and  for  teeth,  it  is  necessary  to  use  a 8 to  9 ]>er  cent. 
Solution  for  many  days.  After  decalcification  the  tissue  sliould 
be  waslied  for  twelve  to  twenty-four  liours  in  running  water. 

{b)  Hydrochloric  Acid. — Tliis  is  more  generally  useful  tlian 
nitric  acid.  It  sliould  be  used  in  a 0.5  to  1 per  cent.  aqueous  Solu- 
tion. In  Order  to  prevent  a swelling  of  the  tissues,  normal  salt 
Solution  may  be  used  instead  of  water.  Ebnei*’s  hvdrocliloric- 
acid-salt  solution  is  made'up  of  a cold  saturated  solution  of  salt 
diluted  witli  2 volumes  of  water,  togetlier  witli  from  2 to  5 per 
cent.  hydrochloric  acid.  This  fluid  acts  slowly  and  sliould  be 
chano-ed  often. 

(c)  Zenker  s fluid  is  useful  in  decalcifying  small  pieces  of 
bone.  It  sliould  be  allowed  to  act  for  from  two  to  three  days. 

{d)  A mixture  of:  chromic  acid,  1 part;  picric  acid,  1 pari; 
glacial  acetic  acid,  5 parts:  is  a good  decalcifying  fluid  for  small 
bones. 


(/)  Infiltration  of  Tissue  with  Celloidin  and  Paraffin. 

In  Order  to  cut  fixed  and  hardened  objects  into  sections,  it 
is  necessary  to  infiltrate  tlieni  with  a substance  of  even  and 
firm  consistency.  The  substances  commouly  used  are  celloidin, 
parafiin,  and  ])hotoxylin.  The  tissue  sliould  be  eiitirely  de- 
hydrated  by  means  of  absolute  alcohol.  For  infiltration  with 
celloidin,  this  substance  sliould  be  dissolved  in  a mixture  of 
equal  parts  of  absolute  alcohol  and  ether.  This  takes  two  or 
th  ree  days,  and  a thick  homoi>:eneous  fluid  results.  Three  dif- 
ferent  thicknesses  of  this  sliould  be  prepared  in  closely  sto]ipered 
jars.  Photoxylin  is  dissolved  similarly.  It  is  more  expen- 
sive  than  celloidin,  but  bas  the  advantage  of  being  more  tiains- 
parent.  After  being  dehydrated  in  absolute  alcohol,  the 
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tissues  to  be  infiltrated  are  transferred  to  a mixture  of  equal 
parts  of  absolute  alcohol  and  etlier.  After  remairiing  in  tliis 
for  twenty-four  liours  tliey  are  transferred  to  tlie  tliinnest  of 
tlie  three  celloidin  Solutions,  and  left  for  forty-eiglit  hours. 
From  tliis  tliey  are  put  into  medium  tliick  celloidin  and  left 


for  twenty-four  liours ; tlien  into  tliick  celloidin  for  from 
twenty-four  to  forty-eigiit  liours.  Large  pieces  of  tissue  sliould 
be  left  in  tlie  celloidin  s’olutions  a lonsfer  time.  After  becomin«: 
tliorouglily  saturated  witli  celloidin  tlie  object  is  lifted  out  and 
placed  011  a block  of  wood,  or  pressed  wood  fibre  cut  in  a size 
to  fit  tlie  microtome.  The  object  is  put  in  tlie  position  desired 
for  sectioning,  and  a few  drops  of  tliick  celloidin  allowed  to 
liarden  over  it.  Tliis  fixes  it  ßrmly  on  tlie  block,  and  sur- 
rounds  it  witli  a layer  of  celloidin,  wliicli  on  evaporation 
beconies  firm.  Wlien  tlie  surface  of  tlie  celloidin  is  somewliat 
hardened,  tlie  block  is  placed  in  70  per  cent.  alcohol  until  the 
whole  object  is  firm  and  hard.  Tliis  usually  requires  from 
twelve  to  forty-eiglit  hours.  AVith  large  pieces  of  tissue  it  is 
better  to  place  tlie  object  in  a glass  dish  and  cover  it  witli 
tliick  celloidin.  Tliis  is  allowed  to  evaporate  slowly  until  the 
whole  dish  of  celloidin  is  firm  and  hard.  The  tissue  is  then 
cut  out  together  witli  a small  quantity  of  the  celloidin  and 
fasten ed  to  a block. 


For  infiJtration  with  j)aTaßn,  one  requires  pure  paraffin, 
which  melts  at  various  temperatures.  Two  kinds  are  com- 
monly  used,  a soft  paraffin,  melting  at  45°  C.,  and  a hard 
paraffin,  melting  at  56°-57°  C.  There  is  needed  also  a ther- 
niostat,  or  a paraffin  oven,  which  is  so  arranged  that  the 
temperature  can  be  kept  constant. 

The  piece  of  tissue  which  is  to  be  infiltrated  with  paraffin 
sliould  be  entirely  dehydrated  in  absolute  alcohol.  From  tliis 
it  sliould  be  put  into  some  fluid  in  which  paraffin  can  be 
dissolved.  For  tliis  purpose  xylol  may  be  used.  Tissues 
are  left  in  tliis  for  from  ten  to  thirty  minutes.  Instead  of 
tliis,  a mixture  of  2 parts  of  absolute  alcohol  and  1 part  of 
Chloroform  may  be  employed  for  from  two  to  twelve  hours. 
Pure  Chloroform  may  be  used  for  from  two  to  six  hours.  If 
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xylol  is  used,  tlie  tissues  are  transferred  to  a saturated  solii- 
tioii  of  paraöin  in  xylol  fbr  two  liours,  and  froni  tliis  to  inelted 
soft  paraffin.  If  a Chloroform  solution  is  nsed,  the  tissiies  are 
placed  for  twelve  lionrs  in  a saturated  solution  of  parallin  in 
Chloroform,  and  froni  this  to  soft  paraihn.  ln  the  latter  suh- 
stance  the  tissues  are  left  for  froni  one-(piarter  to  two  hours, 
and  then  transferred  to  inelted  Iiard  paraffin,  and  left  in  this 
fbr  from  one-quarter  to  two  hours.  They  should  be  allowed 
to  remain  in  the  hot  ])araffin  as  short  a time  as  is  possible  fbr 
their  complete  inßltration.  For  small  pieces,  fifteen  minutes 
are  sufficient.  ln  cold  weather  hard  paraffin  is  difficult  to  cut, 
althoinrh  thinner  sections  can  be  made  with  hard  than  witli 

o 

soft  paraffin.  When  the  tissues  have  become  thoroughly 
infiltrated  with  the  paraffin,  they  are  placed  together  with  a 
quantity  of  paraffin  in  a small  paper  box,  which  may  be  made 
by  folding  ordinary  paper  to  the  required  sluqie ; or  they  may 
be  placed  in  a watch  glass  the  bottom  of  which  has  been  covered 
with  a little  glycerin.  The  pieces  of  tissue  are  placed  in  their 
proper  position,  and  the  whole  is  cooled  quickly  in  cold 
water. 

The  method  of  cuttins:  sections  with  the  microtome  differs 
somewhat  according  to  the  way  in  which  the  object  has  been 
imbedded.  Tissue  imbedded  in  celloidin  is  fastened,  as  de- 
scribed,  to  a block  of  wood  or  wood  fibre,  and  fixed  firmly  in 
the  microtome.  The  knife  is  placed  in  the  knife-holder  of  the 
microtome,  so  that  it  is  drawn  through  the  tissue  very  obliquely. 
It  should  be  slanted  so  much  that  nearlv  the  whole  ed«:e  of  the 


knife  passes  through  the  piece  of  tissue.  The  surface  of  the 
knife  should  be  kept  flooded  with  70  per  cent.  alcohol,  and  the 
object  also  should  be  kept  moist.  The  sections  which  are  cut 
are  floated  out  in  the  alcohol  on  the  knife,  and  are  removed 
by  means  of  a camers  hair  brush  to  a vessel  of  70  per  cent. 
alcohol,  where  they  may  be  kept  fbr  a considerable  time 
without  being  injured. 

Tissues  imbedded  in  paraffin  should  be  fastened  to  a block 
by  melting  the  lower  surface  of  the  mass  of  paraffin.  The  knife 
should  be  placed  with  the  edge  at  right  angles  to  the  long  axis 
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of  tliG  iiiicrotoiiie.  Wliereas  in  cuttiiii^  CGlloidiii  SGctions  iiGarly 
tliG  wIioIg  GclgG  of  tliG  knifG  is  usgcI,  in  paraiün  SGctions  oiily  a 
small  part  ol  tliG  GclgG  is  usg(1.  Witli  largG  objocts,  howGVGr, 
tliG  knifG. is  placGcl  obliquGly  in  cntting  paraffin  SGCtions  also. 
1 liG  tGinporatiiTG  of  tliG  rooin  bas  an  important  infliiGncG  on  tliG 
Giitting  of  paraffin  SGctions.  If  tliG  paraffin  is  of  tliG  right  con- 
sistGncy,  tliG  sGctions  slioukl  bo  qiiitG  flat,  and  should  adliGro  to 
onG  anotliGr  at  tliG  odgG,  so  tliat  wliat  is  known  as  a ribbon  ” 
of  SGCtions  is  obtaincd — i.  e.,  tliGy  aro  fastonod  togGtliGr  in  por- 
fGct  SGquGiicG.  Such  ribbons  may  sornGtiniGs  bo  obtainod  a foot 
or  rnorG  in  longth,  consisting  of  wliat  aro  callod  SGrial  SGCtions. 

If  tliG  paraffin  SGctions  do  not  flatton  as  tliGy  should,  tliGy 
may  bo  madG  to  do  so  by  floating  tliGin  on  warm  30  por  CGiit. 
alcohol,  or  on  warm  watGr.  Tliis  should  not  bo  hot  Gnoimh 
to  molt  tliG  j)araffin.  From  this  tliGy  may  1)G  liftod  out  on  a 
glass  slidG  and  allowcd  to  dry  in  a thormostat  (at  35°  C.)  for  from 
twGlvG  to  forty-oight  hours.  This  trGatniGnt  causGS  tliG  sGctions 
to  adliGro  lirmly  to  tliG  slido,  so  that  tliGy  may  1)g  staincd  and 
monntod.  ln  oi’dor  to  bo  suecGssful  in  this  niGthod,  tliG  slidos 
which  ai*G  usod  should  l)G  entirGlv  fi’GG  from  fat  or  dirt  of  anv 

c' 

sort.  Simplo  washing  with  soap  or  alcohol  is  not  sufhciGnt. 
Tlicy  should  1)C  wasliod  Avith  soap  and  water,  boiled  in  a Solu- 
tion of  potassium  hydroxide,  and  alloAved  to  remain  several 
days  in  concentrated  sulphuric  acid.  They  are  then  washed  in 
distilled  water  and  kept  nntil  used  in  a mixture  of  alcohol  and 
ether.  They  should  be  handled  only  with  clean  Instruments, 
and  not  with  the  fingers. 

Instead  of  this  method,  many  so-called  fixatives  may  be 
used.  These  are  by  no  means  so  good.  A common  method  is 

to  coat  the  slide  with  a thin  laver  of  albumin.  The  sections  are 

€/ 

pressed  down  on  this  and  the  albumin  coagulated  by  heat. 
This  Solution  of  albumin  is  made  as  follows : egg  albumin, 
glvcerin,  ää  50  grammes;  sodium  salicvlate,  1 gramme. 

Paraffin  sections,  after  they  have  been  fastened  tirmly  to  the 
slide  by  one  of  these  methods,  should  be  placed  in  xylol  for 
five  minutes.  Tliis  dissolves  the  paraffin  ont  of  the  tissue. 
The  xylol  should  be  changed  once.  If  the  tissue  has  already 
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beeil  staiiied,  the  sections  inay  be  iiiounted  directly  in  Canada 
balsain.  If  it  is  iiecessary  to  staiii  tlie  sections,  tliey  sliould  be 
transferred  froin  xylol  to  absolute  alcoliol.  Since  rnost  of  the 
stains  are  aqueous  Solutions,  the  sections  should  be  passed 
through  95  per  cent.  and  45  per  cent.  alcoliol  before  being 
washed  with  water  and  placed  in  tlie  staining  fluid.  If  they 
are  transferred  directly  froin  absolute  alcoliol  to  water,  there  is 
daii2:er  of  their  beins;  loosened  froni  the  slide. 


((/)  staining. 

The  object  of  staining  tissues  is  to  bring  out  more  clearly 
the  details  of  their  structure.  As  has  been  explained  in  the 
section  on  the  Blood,  niany  stains  can  be  divided  into  three 
groups : the  acid,  the  basic,  and  the  neutral  stains.  The  acid 
stains  color  in  general  the  jirotoplasin  of  the  cells,  while  basic 
dyes  stain  the  nuclei.  This  affinity  of  special  parts  of  the  cell 
for  certain  stains  is  the  basis  of  what  is  known  as  differential 
staining.  In  the  common  er  examples  of  this,  the  nucleus  is 
stained  one  color,  and  the  protoplasm  another.  Other  stains 
have  a special  afiinity  for  tissues  or  parts  of  tissues.  These  are 
called  specific  stains  (e.  g.,  neuroglia  stain,  elastic  tissue  stain, 
etc.).  Tissues  may  be  stained  before  they  are  sectioned,  or 

the  sections  themselves  mav  be  stained. 

«/ 

The  most  useful  stains  in  general  laboratoi-v  work  are  men- 
tioned  briefly  here,  while  the  stains  used  foi*  special  piirposes 
are  spoken  of  in  the  section  on  Special  Technique. 

Carmine. — This  serves  well  for  staining  tissues  before  thev 
are  cut.  The  alcoholic  borax  carmine  of  Grenacher  is  one  of 
the  best  Solutions.  It  is  made  as  follows : In  100  cc.  of  a4 
per  cent.  aqueous  borax  solution  there  are  dissolved  by  boiling 
2—3  gramrnes  of  carmine;  100  grammes  of  70  per  cent.  alcoliol 
are  added,  and  after  Standing  for  a considei'able  time  tlie  solu- 
tion is  filtered.  The  already  hardened  pieces  of  tissue  are 
placed  in  this  filtered  solution  for  from  one  to  three  davs. 
From  this  they  are  transferred  to  acid  alcoliol  (4-6  drops  of 
HCl  in  100  cc.  of  70  per  cent.  alcoliol),  in  which  a difieren- 
tiation  takes  place.  The  stain  remains  in  the  nuclei,  and  is 


GENERAL  MICROSCOEIC  TECHNIQUE. 


wasiied  out  of  the  protoplasm.  This  usiially  takes  twenty- 
four  hoiirs  or  loiiger,  and  tlie  acid  alcoliol  should  be  cliaiiged 
often. 

Alum  carmine  of  Greiiacher  is  a pure  nuclear  stain.  It  is 
prepared  as  follows : 2 grammes  of  carmiiie  are  boiled  in  b per 
Cent,  aqueous  aluni  solution  for  from  ten  to  twenty  minutes. 
On  cooling,  it  is  filtered,  and  2 drops  of  carbolic  acid  added. 
Sections  are  stain ed  in  tliis  for  five  minutes  or  longer.  There 
is  no  danger  of  overstaining.  Very  small  pieces  of  tissue  may 
also  be  stained  in  tliis  fluid. 

DelafielcUs  liceniatoxylin. — Two  grammes  of  crystallized 
lisematoxylin  are  dissolved  in  12.5  cc.  of  absolute  alcoliol ; this 
Solution  is  poured  into  200  cc.  of  conceiitrated  aqueous  ammo- 
nium-alum  solution.  It  is  left  for  from  tliree  to  four  days  in 
an  open  vessel  in  tlie  light,  and  then  hltered  and  mixed  with  50 
cc.  of  pure  glycerin  and  50  cc.  of  metliyl  alcoliol.  It  is  then 
hltered  a second  time,  and  after  Standing  for  several  weeks  is 
ready  to  use.  It  is  best  to  use  this  stain  very  dilute;  1 or 
2 drops  in  20-50  cc.  of  distilled  water  make  a solution 
which  gives  a good  nuclear  stain  in  from  twelve  to  twenty-four 
hours.  Mucus  and  the  ground  substance  of  hyaline  cartilage 

are  also  stained  blue  bv  this  method. 

«/ 

llfemalum  (P.  Alayer)  is  prepared  from  crystallized  hsema- 
tein,  1 gi’amme  of  which  is  dissolved  either  in  50  cc.  of  90  per 
Cent,  alcoliol  (with  warming),  or  in  a small  quantity  of 
glycerin,  and  mixed  with  1 litre  of  5 per  cent.  alurn  solution. 
This  is  hltered,  and  is  ready  for  use  at  once.  It  may  be  used 
for  sections  or  ]iieces  of  tissue.  Sections  are  stained  almost 
immediately,  Avhile  pieces  of  tissue  require  fi*om  twenty-four  to 
fort}^-eight  houi’s.  For  washing  out  the  tissues  or  sections,  it 
is  best  to  use  1-2  per  cent.  solution  of  alum.  This  gives  a 
pure  nuclear  stain. 

H(EmatoxylinAron-alu7n  (Heidenhain)  is  used  for  thin  sec- 
tions of  tissue  which  has  been  hardened  in  corrosive  Sublimate. 
These  are  immersed  in  a 1.5-4  per  cent.  (for  centrosomes,  2.5 
per  Cent.)  solution  of  iron  alum  for  from  one-half  to  three 
hours  (for  centrosomes,  six  to  twelve  hours).  They  are  washed 
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carefully  in  tap  water  and  transferred  to  0.5  ])er  cent.  ji(|neous 
soliition  of  h^ematoxylin  and  left  for  fi’oni  twenty-four  to 
thirty-six  liours.  After  being  waslied  in  watei*  tliey  are  differ- 
entiated  in  tlie  iron-alum  solntion.  Tliey  are  tlien  washed  for 
one-fourth  to  one  liour  in  running  ta,p  watei’,  deliydrated, 
cleared,  and  rnounted  in  balsani.  Tbis  nietliod  dernonstrates 
the  centrosonies,  ebroniatin,  secretory  eajiillaries  (bile  capil- 
laries),  and  microsonies.  Tlie  protojilasni  niay  be  counter- 
stained  in  a dilute  solntion  of.  acid  rubin. 

Anilm  dyes  (for  Classification,  see  section  on  IMood). 

Safranin  is  an  excellent  nuclear  stain.  One  way  of  ])i*epar- 
ing  it  is  to  dissolve  1 gram  me  of  sairanin  in  100  grammes  of 
absolute  alcohol,  and  after  several  days  to  add  200  cc.  of  dis- 
tilled  water.  Sections  stained  for  tvventy-four  boui-s  in  tliis 
solntion  slionld  be  differentiated  in  absolute  alcoliol.  Sections 
of  tissnes  fixed  in  Flernming’s  finid  may  be  differentiated  in 
absolute  alcoliol  wliicli  coiitains  1 gramme  of  HCl  to  1000 
irrarnmes  of  alcohol.  The  chromatin  of  the  nnclens  is  colored 


a bri2;ht  red. 

Thionin  is  a valuable  anilin  dye.  ln  1 ])er  cent.  aqneons 
Solutions  it  colors  nnclei  (chromatin)  blne  in  a few  minntes, 
and  rimcns  red. 

Vemvin  in  2 per  cent.  aqneons  Solutions  is  a brown  nnclear 
stain.  About  five  minntes  are  required  for  its  action. 

The  most  common  double  staina  or  multiple  stains  in  nse 
are  the  following : 


H(Ematoxylirh-eoHin  and  Hmnmlum-cmin. — Sections  stained 
in  Inematoxylin  or  haemalnm  are  washed  in  water,  and  stained 
in  a weak  aqneons  solntion  of  eosin  (1  part  of  eosin  to  1000 
jiarts  of  water).  After  washing  in  water,  and  for  from  three  to 
five  niinutes  in  96  per  cent.  alcohol  the  sections  are  cleared  in 
creosote  and  monnted  in  balsam.  This  method  stains  the 
nnclei  blne  and  the  protoplasni  jiink.  Congo-red  may  be  nsed 
instead  of  eosin.  The  haeniatoxylin  is  nsed  often  in  stronger 
solntions  for  five  minntes,  and  then  the  sections  slionld  be 
decolorized  in  acid  alcohol,  and  made  blne  again  in  ammonia- 
water. 
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Picro-carmine  (Weigert). — Two  gramnies  of  earmine  mixed 
with  4 cc.  of  ammonia  are  nllowed  to  sümd  in  a ti«:litlv  elosed  - 
vessel  for  twenty-four  liours ; 200  grammes  of  aqueous  solution 
of  })icric  acid  are  added.  After  twenty-four  liours  the  addition 
of  a few  dro})s  of  concentrated  acetic  acid  is  made.  This  pro- 
duces  a precipitate,  wliicli  after  twenty-four  liours  is  filtered  out. 

Picric  acid  also  may  be  used  as  a counter-stain  witli  sec- 
tions  wliicli  previously  liave  been  stained  with  earmine,  liaema- 
toxylin,  safranin,  or  acid  fuclisin.  For  this  a dilute  alcoliolic 
solution  is  employed. 

Biondi-Ehrlicli  s Triple  Stain  (3Iethyl-green,  Acid  Fuchsin, 
Orange- G), — Heidenbain’s  modification  of  this  stain  is  made 
as  follows : Saturated  aqueous  Solutions  of  the  three  stains  iire 
prepared — i.  e.,  20  grammes  of  acid  rubin  in  100  cc.  of  water  ; 
8 arammes  of  oraime-G  in  100  cc.  of  water;  8 o;rammes  of 
metbvl-a:reen  00  in  100  cc.  of  water.  Of  these  Solutions,  one 
mixes  4 cc.  of  tlie  fii’st  with  7 cc.  of  the  second,  and  then  adds 
8 cc.  of  the  third.  They  should  be  added  in  this  Order,  or  a 
precipitate  will  result.  For  staining,  1 cc.  of  this  mixture  is 
diluted  with  lOO  cc.  of  water.  According  to  Heidenhain,  it  is 
of  advantage  to  add  the  stain  drop  by  drop  to  very  dilute 
acetic  acid  (1  : oOO  water),  stirring  constantly  until  the  color  is 
bright  red.  With  this  stain,  it  is  best  to  use  thin  sections  of 
tissue  wliicli  have  been  hardened  in  corrosive  Sublimate.  After 
beimr  stained  for  twenty-four  liours  the  sections  should  be 
washed  in  90  per  cent.  alcohol  or  a mixture  of  100  cc.  of 
alcöhol  and  froni  2 to  4 drops  of  acetic  acid. 

Many  otlier  stains  can  be  used  with  good  results  {e.  g.,  van 
Giesoids  fluid  (acid  fuclisin  and  picric  acid),  methylene-blue, 
nigrosiii,  orcein,  etc.). 


After  beino;  stained,  sections,  whether  cut  in  celloidin  or  par- 
afflii,  are  submitted  to  a treatment  wliicli  allows  tliem  to  be 
mounted  oii  a slicle  in  a medium  wliicli  is  transparent  and  has  a 
refractive  iudex  approaching  that  ot  glass  (c.  g.,  Canada  balsam). 
The  sections  are  transferred  from  the  staining  fluids  to  water 
or  a diflerentiating  fluid,  in  which  all  excess  of  stain  is  washed 
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out.  Theii  they  are  deliyclrated  in  9f>  per  cent.  alcoliol,  and 
transferred  to  a Clearing  tiuid  {e.  (j.,  carbol-xylol  (1  part  of  car- 
bolic  acid;  3 parts  of  xylol),  creosote,  berganiot  oil,  oil  of 
cloves,  etc.).  Tlie  most  generally  useful  Clearing  fluid  is  creo- 
sote. Carbol-xvlol  cannot  be  used  witli  sections  stained  in 

*/■ 

anilin  dyes.  Sections  are  left  in  the  Clearing  fluid  for  about 
five  ininutes,  iintil  they  liave  become  transparent.  If  they 
remain  opaque  in  places,  they  have  not  been  entirely  dehy- 
drated,  and  should  be  returned  to  the  alcoliol.  Frorn  the  Clear- 
ing* fluid  the  sections  are  lifted  on  to  a slide  bv  means  of  a sec- 
tion-lifter  or  spatula.  The  excess  of  Clearing  fluid  is  drained 
off,  or,  in  the  case  of  creosote,  removed  vvith  a blotting-paper. 
A drop  of  Canada  balsam  is  added,  and  a clean  cover  glass 
placed'over  each  section.  This  is  left  iintil  the  balsam  is 
hardened. 

In  sorne  cases  it  is  of  advantage  to  inount  celloidin  sections 
in  glycerin.  For  this,  it  is  not  necessary  to  pass  the  sections 
tlirou2:h  alcoliol.  The  o;lvcerin,  which  is  added  to  sections 
placed  directly  on  the  slide  from  water,  does  not  dry.  In  Order 
to  make  the  specimen  permanent,  therefore,  it  is  necessary  to 
put  a rim  of  cement  around  the  edge  of  the  cover  glass.  For 
this  purpose,  a mixture  is  made  of  2 parts  of  paraflin  and  8 
parts  of  colophonium,  which  are  melted  carefully.  This  is 
placed  around  the  cover  glass  and  dried  by  means  of  a hot 
wire  or  needle. 


(/#)  Injecting. 

This  is  an  art  which  is  learned  better  through  practice  than 
by  means  of  descriptions.  It  is  necessary  to  use  organs  from 
anirnals  which  are  freshly  killed.  Certain  injection  fluids  or 
masses  colored  with  various  pigments  must  be  prepared  ; and 
an  apparatus  must  be  arranged  to  supply  a constant  pressure. 
This  apparatus  is  connected  by  means  of  a System  of  tubing 
with  a cannula  which  is  inserted  in  the  blood-vessel  or  duct 
which  is  to  be  injected.  The  injection  fluid  is  forced  in  this 
way  into  the  vessels. 

Certain  general  points  in  connection  with  injecting  niay  be 
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inentioned.  Blood-vessels  should  usually  he  waslied  out  with 
8alt  solutioii  before  beiug  filled  with  tlie  injection  mass.  Fluids 
coiitaiuing  alcoliol  (e.  g.,  celloidin)  cannot  be  injected  until 
tbe  vessels  liave  beeii  wasbed  out  first  with  salt  solution  and 
then  with  absolute  alcohol.  In  using  the  gelatin  rnasses,  the 
body  or  organ  to  be  injected  should  be  kept  at  a temperature 
of  o8°-40°  C.  Constant  pressure  can  easily  be  obtained  by 
ineans  of  a pressure  bottle  connected  with  a vessel  of  water 
v/hich  may  be  raised  to  any  given  height. 

Soine  of  the  inore  useful  injection  niasses  are  the  following : 

(1)  Berlin-hluc. — Saturated  aqueous  solution  of  Berlin-blne. 
Tliis  should  be  inade  with  distilled  water.  It  forms  one  of  the 
inost  generally  useful  fluids  we  have. 

(2)  Berlin-blue  Gelatin. — A saturated  aqueous  solution  of 
Berlin-blue  is  added  to  a gelatin  solution  heated  to  60°  C.,  and 
filtered  thron «h  flannel. 

O 


(3)  Carmine  gelatin  (Banvier)  : 10  grammes  of  gelatin  are 
allowed  to  swell  u])  in  distilled  water  for  from  twelve  to  twenty- 
four  hours.  After  it  has  been  squeezed  out  with  the  hands 
the  gelatin  is  inelted  in  a water-bath  (60°  C.)  and  a carmine 
solution  added.  The  bitter  is  ])repared  by  nhxing  5 grains 
of  carinine  with  10  cc.  of  water,  and  adding  drop  by  drop  a 
solution  of  aniinonia  until  the  fiuid  is  a dark  cherry  red.  A 
solution  of  30  per  cent.  acetic  acid  is  then  added  carefully 
until  the  inixture  is  exactly  neutral,  If  it  is  at  all  alkaline, 
the  fiuid  will  extravasate  from  the  vessels.  If,  on  the  other 
hand,  it  is  acid,  granules  will  be  present,  which  will  interfere 
with  its  free  passage  through  the  capillaries.  This  is  not  an  easy 
fiuid  to  prepare.  It  is  possible  to  titrate  the  aminonia  and  acetic 
acid,  and,  after  thoroughly  washing  the  gelatin  to  free  it  from 
acid,  corresponding  quantities  of  the  two  Solutions  can  be 
added. 

(4)  Lampblack  gelatin,  cinnahar  gelatin,  ultramarine -blue 
gelatin,  etc.,  can  be  prepared  by  adding  the  pigment  granules 
to  a gelatin  solution.  Bamphlack  should  be  freed  from  the 
fat  which  usually  accompanies  it. 

(5)  Celloidin  injection  rnasses  are  made  with  a solution  of 
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eelloidiii  in  absolute  alcobol  and  ether  tliin  enongli  to  iiow 
easily  into  tlie  vessels.  Varions  granulär  piguH/its  can  be 
added. 

((3)  Agar-agar  is  used  in  tlu^  saine  way  as  celloidin.  A veiy 
ililute  Solution  (2-5  per  cent.)  in  water  is  best. 

(7)  WooiVs  metal  is  u eoinposition  wbicli  bas  a very  low 
inelting-point  and  can  be  injected  into  tbe  blood-vessels.  I>y 
dissolvino-  away  tlie  tissne  froin  tliese,  a (*ast  of  tbe  yessels  can 
be  obtained. 

(8)  Metliylene-blue,  Ineinatoxylin,  silyer  jiitrate,  osmic  acid, 
and  otlier  tiuids  are  used  for  s|)ecial  j)urj)oses. 

Tissues  wliicli  liaye  been  injected  slionld  be  liardened  ini- 
niediately.  Tliick  sections  (oO  g +)  are  tlie  niost  instructiye 
in  tlie  niajority  of  cases.  Celloidin  and  agar  injections  can  be 
digested  witli  liydrocliloric  acid  and  pe})sin  and  a coniplete 
inodel  of  tbe  blood-yessels  obtained. 


SPECIAL  MICROSCOPIC  TECHNIQUE. 

1.  THE  CELL. 

1.  For  tbe  study  of  protoplasmic  movements,  one  may  nse 
tbe  bne  bairs  of  TradeHcantia  virgin/lca,  wbicli  can  be  obtained 
from  tbe  fresbly  opened  Üower.  Tliese  slionld  be  exaniined  in 
water  witb  bigb  powers. 

2.  Ämoehoid  movements  niay  be  obseryed  in  tbe  aniceba  or 
in  tbe  liying  wliite  blood-corpuscles  of  cold-blooded  aninials. 

o.  Tbe  inner  Htructure  of  celh  slionld  be  studied  in  fixed 

t,' 

speciniens.  Fleiiiiiiing’s,  Hermann’s,  and  Zenker’s  fluids  are 
tbe  rnost  useful.  (3smic  acid  is  also  of  nse,  especially  in 
Kolossow’s  nietbod  (see  Epitbelinni).  Cells  are  stained  best 
witb  safranin,  Heidenbain’s  lueiiiatoxylin-iron-alnni,  Fbrlicb- 
Hiondi’s  triple  stain,  nigrosin,  nietbylene-blne,  etc. 

4.  A classical  object  for  tbe  denionstration  of  mitosis  can 
be  obtained  in  Jnne  and  Jnly  from  frog,  triton,  and  Salamander 
laryge.  Tbe  onter  skin,  oya,  etc.,  are  sectioned  and  stained 
witb  safranin  or  iron  brematoxylin.  Excellent  speciniens  can 
be  gained  from  sections  of  a yonng  growing  onion  top,  or  tbe 
growing  point  of  any  yonng  plant  (e.  g.,  lily). 
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5.  For  Investigating one  inay  use  tlie  eggs  of 
.-Ls*cam  meijalocephala.  Tlie  wliole  egg  is  fixed  in  Zenker’s 
fluid,  sectioned,  and  stained  witli  iron  liaematoxylin. 


2.  EPITHELIAL  TISSUE. 

6.  Epitheliuin  inay  be  studied  advantageously  in  the  fresli 
state  by  scraping  the  cells  from  miicous  surfaces,  etc.  In  a 
drop  of  tlie  saliva  |)laced  on  a slide,  large  flat  epithelial  cells 
are  found.  Tliey  may  be  stained  in  metliylene-blue  and 
nionnted  in  2:lYcerin. 

7.  l>y  the  niethods  of  inaceration,  epithelial  cells  can  be 
isolated.  These  inay  be  studied  unstained  or  colored  by 
methvlene-blue.  Picro-carinine  may  be  used  with  cells  which 

%j  J 

have  lieen  fixed  or  hardened.  A drop  can  be  drawn  under  the 
cover  glass  by  placing  a piece  of  filter-paper  on  the  opposite 
side ; and  the  coloring  material  may  be  washed  out  in  the  same 

wav. 
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Goblet  cells  mav  be  obtained  from  the  bronchus  or  intes- 

%/ 

tine ; ciliated  e})ithelium,  from  the  bronchus,  nasal  mucous 
meml)rane,  etc.  .Vn  excellent  method  of  isolating  the  cells 
of  the  nasal  mucous  membi*ane  consists  in  exposing  it  to  the 
vapors  of  osmic  acid  for  from  six  to  eight  hours,  and  then 
macerating  in  dilute  alcohol.  These  cells  may  be  stained  in 
picro-carmine. 

8.  The  cement  lines  are  demonstrated  best  by  the  silver 

nitrate  method.  A membrane  covered  with  endothelium, 

such  as  the  mesenterv,  is  stretched  over  a cork  or  cover 
glass  and  placed  in  a O.l-l  per  cent.  aqueous  silver  nitrate 
Solution.  After  from  one  to  ten  minutes  to  one  hour  the  object 
liecomes  somewhat  opaque.  It  is  then  ])laced  in  a large  quan- 
tity  of  water  and  exposed  to  direct  sunlight.  Keduction  usually 
occurs  in  from  five  to  fifteen  minutes.  After  this,  it  may  be 
treated  as  an  ordinary  section  and  mounted  in  glycerin  or 
Canada  balsam.  Many  modifications  of  this  method  have 

beeil  employed. 

9.  A special  method  for  the  demonstration  of 

brldges  has  been  suggested  by  Kolossow.  This  consists  in  fix- 
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iiig  tlie  tissue  for  from  oiie  to  six  lioiirs  in  1 ]>er  eeiit.  osrnic 
acicl.  Froni  tliis  it  is  ti*ansferred  to  5 per  eent.  taiinie  acid,  or 
to  a inixtiire  of  taiinic  and  pyrogallic  aeids,  and  left  for  frorn 
eighteen  to  twenty-fonr  iiours.  Tliis  gives  a very  clear  pictnre 
of  all  protoplasmic  structures.  A eonnter-stain  of  safranin  inay 
be  nsed.  A nseful  modilication  of  tliis  riietliod  can  be  eniployed 
on  sections  (iNIacCallnni).  These  are  placed  for  one  ininute  in 
the  osniic  aeid  niixture,  vvaslied  in  water,  and  transferred  for 
two  ininutes  to  tlie  redncim>:  dnid.  If  tliis  stain  is  not  snffi- 
ciently  intense,  tlie  sections  niay  be  Avaslied  in  water,  and  tlie 
process  repeated. 

3.  CONNECTIVE  TISSUE,  CARTILAGE,  AND  BONE. 

10.  For  gelaiinoiis  conneclive  tissue.,  tlie  nnibilical  cord  of  a. 
tliree  to  four  inontlis  human  foetns,  fixed  in  Zenker’s  Huid  and 
stained  in  luematoxylin,  may  be  eniployed.  The  subcutaneous 
tissue  of  very  yoiiiig  pig’s  enibryos  can  also  be  studied. 

11.  Areolar  connective  tissue  may  be  obtained  by  prodncing 
artificial  oedema  in  the  subcutaneous  tissue  or  in  tlie  intermus- 
cular  septa.  Tliis  is  done  by  injecting  physiological  salt  Solu- 
tion by  means  of  a hypodermic  sy ringe  into  the  loose  tissue 
linder  the  skin  of  a rabbit  or  rat.  From  the  swollen  tissue 
thus  produced  a small  piece  is  cut  and  spread  out  under  a cover 
glass.  Various  chemical  tests  may  be  made  with  such  prep- 
arations.  Magenta,  acid  fnchsin,  and  methylene-blue  give 
^ood  resnlts  in  stainino:  areolar  tissue. 

12.  White  Fihrous  Tissue. — The  tendons  from  the  tail  of 
a rat,  or  from  the  ankle  of  a pig,  are  the  most  available  source 
from  which  to  obtain  tliis  tissue.  Tliis  may  be  studied  fresh, 
or  after  haviiig  been  acted  on  for  twenty-four  hours  by  a satu- 
rated  solution  of  picric  acid.  In  ordinary  sections,  white 
fibrous  tissue  is  colored  red  in  Van  Gieson’s  fluid  (acid 
fnchsin,  picric  acid),  while  elastic  fibres  are  stained  yellow 
and  muscle  brown. 

13.  Tendon  Cells. — A small  piece  of  the  tail  of  a rat  is 
placed  in  alum  carmine  solution  for  several  days.  It  is  then 
teased  out  and  examined  in  glyceriii. 
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14.  Orcein  is  to  be  considereü  as  a specific  staiii  for  cla.^tic 
fisHue.  Accordiiig  to  Uiiiia’s  new  niethod,  tlie  followiiig  fiuid 
is  iised  : 1 part  of  orcein ; lOO  parts  of  absolute  alcoliol ; 1 part 
of  llCl.  Sections  are  ])laced  in  tliis  fluid  at  o()°  C.  for  from 
teil  to  fifteen  niinutes,  and  tben  waslied  in  alcoliol.  Elastic 
fibres  are  stained  dark  brown. 

Isolated  elastic  ßbrils  can  be  obtained  by  macerating  a piece 
of  tlie  lio’anientuin  niiclne  of  an  ox  in  a solution  of  nancreatin. 

o j. 

If  a [>iece  1 ein.  in  size  be  nsed,  fibrils  can  be  obtained  in  all 
stages  of  disintegration,  depending  on  liow  near  tlie  centre  of 
tlie  piece  tliey  are  situated.  Speciniens  sliowing  the  niem- 
liranes  can  be  obtained  by  boiling  ligamentnm  nncliae  in  con- 
ceiitrated  HCl,  and  ])ouring  tlie  wliole  out  iuto  a large  quantity 
of  cold  water  just  before  disintegration  takes  })lace  (Mall). 

Mn  genta  is  nsed  to  stain  fresli  speciniens  of  elastic  tissue. 

]\raU,orys  Elastic  Ti  ssue  Stain. — Sectio  ns  of  tissue  liardened 
in  corrosive  Sublimate  or  Zenker’s  ßuid  are  stained  for  from 
oiie  to  tliree  niinutes  in  acpieous  acid  fuclisin  (2V~iV  cent.). 
After  wasliiiui'  in  Avater,  tliev  are  transferred  for  one  miiiute  to 
1 per  Cent,  jiliosplioniolybdic  acid,  and  again  waslied  in  water. 
After  tliis  tliey  are  jilaced  for  from  two  to  twenty  minutes  in 
tlie  following  mixture:  aniliii-blue  in  water,  0.5  part;  orange- 
(I,  2 jiarts ; oxalic  acid,  2 parts;  water,  100  parts.  Tliey  are 
tlien  waslied,  deliydrated,  and  cleared. 

15.  Eeticuhnn  is  obtained  best  bv  digesting  frozen  sectioiis 
of  lympli  gland,  kidney,  spieen,  etc.,  in  paiicreatin.  After 
twenty-four  liours  tlie  sections  are  placed  in  a test-tube  of  water 
and  sliaken  until  tlie  cells  are  displaced.  Tliey  are  then  spread 
out  ou  a slide,  allowed  to  dry,  and  stained  witli  acid  fuclisiii 
and  picric  acid  (iMall). 

IG.  Fat  is  stained  by  osmic  acid,  or  Sudan  IIJ.  It  may 
be  counterstained  witli  safranin. 

17.  HyaU  ne  cartilage  may  be  obtained  from  tlie  costal  car- 
tilages  of  young  individuals  ; elastic  cartilage,  from  tlie  outer 
ear  or  epiglottis  ; fibrous  cartilage,  from  tlie  intervertebral 
ligaments  or  the  iioint  of  insertion  of  tlie  ligamentum  teres 
femoris. 
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18.  F or  (leealeilieatioii  of  boiie,  see  above. 

19.  l]oiies  and  teetli  inay  be  ground  down  to  niake  dry 
sections.  A well-maeerated  and  fat-free  bone  is  cut  into 
sections  1-1 2 mm.  thick.  These  are  rubbed  first  on  emery 
paper  and  tlien  011  a glass  plate  witli  pnmice  on  it.  This  can 
be  accomplislied  best  witli  tlie  end  of  the  fingers.  A drop  of 
water  occasionally  is  added.  Wlien  the  seetion  becomes  very 
thin,  it  is  washed  in  water,  and  polished  011  both  sides  on  a 
hone  and  dried.  It  slionld  be  monnted  in  balsam  which  is  so 
thick  tliat  it  will  not  enter  the  air  spaces. 

20.  In  Order  to  render  the  varions  eanals  and  spaces  of 
bones  and  teeth  more  distinct,  they  innst  be  filled  witli  a colored 
finid.  The  best  results  are  obtained  in  the  following  way  : a 
dried  and  fat-free  bone  or  tooth  which  has  been  macerated  is 
cut  into  sections.  Tliese  are  boiled  on  a sand-bath  for  at  least 
an  honr  in  a mixture  of  equal  parts  of  satnrated  solution  of  acid 
fnchsin  and  metliyl-violet  in  absolute  alcohol,  until  the  remain- 
ing  fluid  is  thick.  The  sections  are  then  dried  for  twenty-four 
hours  or  longer  in  a thermostat  (40°  C.),  and  afterward  ground 
down  and  polished  as  described  before,  xylol  being  used,  how- 
ever,  instead  of  water. 


4.  MUSCLE. 

21.  Muscle  may  be  studied  in  the  fresh  condition,  by  teasing 
out  the  fibrils  in  glycerin  and  staining  with  methylene-blue. 
Acetic  acid  brings  out  the  nuclei. 

22.  The  fibrils  mav  be  isolated  bv  maceratino;  the  muscle 
in  0.1  per  cent.  chromic  acid,  or  33  ])er  cent.  alcohol  for  twenty- 
four  hours. 

23.  The  muscle  of  Ili/drophilus  hardened  for  twenty-four 
hours  in  93  per  cent.  alcohol  shows  the  fibrillär  structure  on 
teasing. 

24.  For  the  isolation  of  heart  muscle,  and  smooth  muscle 
elements,  potassium  hydroxide  (33  ])er  cent.),  is  used.  In  order 
to  obtain  permanent  preparations  of  these  elements  Schiefler- 
decker  suggests  allowing  the  hydroxide  to  act  for  twenty  min- 
utes,  and  then  adding  50  per  cent.  acetic  acid  to  neutralize  the 


4i)G 


SPECIAL  MICIWSCOPIC  TKCllIQUE. 


alkali  completely.  After  wasliing  in  water  tlie  ])ieces  of  tissue 
are  stained  in  aluin  carniine  for  some  liours,  and  inounted  in 
gly  cerin. 

25.  Sections  oi  fixed  and  hardened  ninsele  may  be  stained 
in  various  ways.  The  most  useful  are  tlie  following  : Heiden- 
liain’s  iron-haematoxylin,  Elirlich’s  triple  stain,  Kolossow’s 
osniic  acid  treatinent,  etc. 


5.  NERVOUS  TISSUE. 

26.  Isolated  multi])olar  ganglion  cells  from  the  spinal  cord 
are  obtained  as  follows : small  pieces  of  gray  matter  of  the  an- 
terior horn  are  placed  for  from  thirty-six  to  forty-eight  liours 
in  36  pei-  cent.  alcohol.  They  are  then  stained  in  ])icro- 
carmine  for  twenty-fonr  hours  and  examined  in  glycerin. 

27.  Nissrs  method  for  staining  nerve  cells : material  fixed 
in  alcohol  and  imbedded  in  paraflin  is  ent  into  thin  sections, 
wliich  are  hxed  on  slides  by  the  water  method.  They  are 
then  placed  in  a solution  of  15  parts  of  methylene-blue  and  7 
parts  of  Venetian  soap  in  4000  parts  of  water,  at  a temperature 
of  65^-70°  C.  nntil  steam  arises,  or,  according  to  van  Gehuchten, 
at  a temperature  of  35°-40°  C.  for  from  five  to  six  hours.  Tliey 
ai’e  then  differentiated  in  a mixtu  re  of  1 part  of  anilin  oil  and 
0 parts  of  06  per  cent,  alcohol.  If  the  white  matter  is  de- 
colorized,  while  the  gray  matter  is  still  blue,  the  sections  are 
])assed  through  xylol  into  xylol-dammar. 

28.  Medullated  nerve  fibres  may  be  studied  in  the  fresh 
condition,  and  stained  with  methvlene-blue. 

29.  Medullated  nerve  fibres  mav  be  fixed  in  the  followino: 
way  : a piece  of  fresh  nerve  is  fixed  for  from  three  to  six  hours 
in  0.5  per  cent.  osmic  acid  solution  or  in  Flemming’s  fluid. 
It  is  then  washed  in  water,  hardened  in  alcohol,  and  stained 
for  twenty-four  hours  in  safranin.  After  being  diflerentiated 
in  alcohol  the  nerve  is  dehydrated  and  cleared  in  oil  of  cloves. 
The  nuclei  of  Schwann’s  and  Henle’s  sheaths  are  colored  red, 
while  the  nodes  of  llanvier  and  the  Schmidt-Lantermann's  lines 
are  plainly  visible.  Such  nerves  may  also  be  sectioned. 

30.  Non-medullated  nerves,  which  are  to  be  treated  in  the 
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Same  vvay  as  mediillated  fibres,  ean  be  obtained  trom  the  vagus 
of  a doi»;  or  an  ox. 

31.  The  Grosses  of  llanvier  can  be  denionstrated  by  treating 
the  fibres  for  from  one-half  to  one  hoiir  witli  0.5  per  cent.  silver 
nitrate  solution  (in  tlie  dark),  and  then  exposing  them,  after 
washing  in  water  for  some  hoiirs,  to  the  sunliglit  in  a little 
gly  cerin. 

6.  BLOOD. 

32.  A droj)  of  fresh  blood  ])laced  linder  a cover  glass  will 
show  roiileanx.  On  such  s})eciniens  varioiis  Chemical  tests  may 
be  made  (e.  g.,  the  influence  of  water,  strong  salt  solution, 
taiinic  acid,  potassium  hydroxide,  etc.).  Blood  may  be  obtained 
by  pricking  the  tip  of  the  finger  after  washing  it  thoroughly 
witli  soap  and  water  and  then  witli  ether.  Tlie  first  drop  of 
blood  shoiild  be  removed,  and  specimens  made  from  subse- 
qiient  drops.  The  finger  shoiild  not  be  sqiieezed.  Cover 
glasses  should  be  absolutely  clean  (see  technique  for  moiint- 
ing  jiaraffin  sections). 

33.  For  the  preparation  of  so-called  dried  blood  specimens, 
thin  smears  of  blood  are  made  on  cover  glasses.  A small  drop 
of  blood  is  placed  on  a clean  cover  glass  and  another  is  placed 
over  it.  The  two  are  then  drawn  apart  in  such  a way  that  their 
surfaces  are  always  parallel.  In  this  way  two  smears  of  blood 
are  obtained,  which  should  consist  of  a sinHe  laver  of  red 
blood-cells,  etc.  These  are  allowed  to  dry  in  the  air  for  fifteen 
minutes,  and  then  lieated  on  a copper  bar  at  a temperature  of 
120°  C.  for  two  hours  (Ehrlich);  or  they  may  be  left  in  a niixt- 
ure  of  equal  parts  of  absolute  alcohol  and  ether  for  two  hours 
(Nikiforoff).  They  are  then  dried  and  stained.  Another 
metliod  of  fixing  the  blood  cells  is  to  ininierse  the  slide  in 
Zenker’s  fluid  for  fifteen  minutes,  and  wash  in  runnino;  water 
for  from  one  to  two  hours. 

The  various  kinds  of  granules  contained  in  leucocytes 
may  be  stained  in  the  following  ways  : 

a-granulations,  in  acidophilic  or  eosinophilic  cells,  are  well 
stained  in  eosin  (aqueous  solution  for  twenty-four  hours,  or 
saturated  glycerin  solution  for  twelve  hours);  or  in  a saturated 
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aqiieous'  solutioii  of  oraiige-G  for  twelve  hoiirs.  A couriterstain 
in  luematoxylin  or  iiiethylene-blue  niay  be  iised,  giving  a prep- 
aration  in  wliicli  tbe  nnclei  are  blne,  and  the  red  blood-cor- 
puscles  and  a-granidations  are  red. 

y-grannlations,  basopliilic  granules  (mast  cells),  are  stained 
violet  blue  in  dalilia  (saturated  solution  in  glaeial  acetic  acid, 
12.0  parts;  absolute  alcohol,  oO  parts;  distilled  water,  100 
parts). 

(S-grannlations  are  stained  in  a saturated  aqueous  metliyl- 
ene-blue  solution.  The  staining  reqnires  froin  five  to  ten 
minntes. 


r-granulations,  neutrophile  cells,  are  stained  best  by  Ehr- 
licb’s  triple  stain.  This  is  a saturated  aqueous  solution  of 
orange-G,  120  paids ; aeid  fuchsin,  80  parts;  methyl-green, 
100  parts;  to  wliicli  are  added  water,  300  parts;  absolute 
alcohol,  80  parts ; and  glycerin,  oO  parts.  This  stain  is  used 
tbr  from  live  to  ten  minntes,  and  tlien  washed  off  with  water. 
The  red  corpuscles  are  stained  yellow,  the  neutrophile  granules 
violet,  the  nuclei  bluish  green,  and  the  eosinophile  granules 
bris:ht  red. 

Tn  all  these  dried  specimens  the  staining  fluid  is  washed 
off  with  water  and  the  specimens  dried  in  the  air.  They  are 
then  mounted  in  balsam. 

34.  Blood  plafelds  are  obtained  by  pricking  the  finger 
through  a drop  of  1 per  cent.  osmic  acid.  The  blood  mixes 
with  the  acid  and  is  fixed.  Lnstead  of  osmic  acid,  one  may 
use  methyl-violet  (1:10,000)  in  physiological  salt  solution,  in 
which  the  platelets  are  stained  blue. 


7.  CIRCULATORY  SYSTEM. 

35.  Small  Blood -vessels  aiul  Capillaries. — A piece  of  pia 
mater  from  the  base  of  the  human  brain  is  washed  in  distilled 
water  and  flxed  for  from  one  to  two  hours  in  Zenker’s  fluid. 
VarioLis  stains  may  be  used. 

36.  The  vascular  ejjithelium  in  capillaries  and  small  vessels 
is  demonstrated  by  injecting  the  vessels  of  a freshly  killed 
frog  with  1.5  per  cent.  silver  nitrate  solution.  In  the 
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niesen tery,  uriiiary  bladder,  and  lun^  the  vessels  ean  best  be 
observed. 

37.  New  Formation  of  Capillaries. — A rabbit,  cat,  or  doi^; 
aboiit  five  days  old  is  killed  witli  ehloroforni,  and  tlie  abdom- 
inal cavity  opened.  The  meseiitery  or  onientnni  niajns  is 
stretelied  over  a cork  or  cover  glass,  and  fixed  for  froni  one 
to  two  hours  in  Zenker’s  or  Fleinniing’s  fluid.  It  is  tlien 
stained  witli  luematoxylin  and  eosin,  or  tlie  Bioiuli-Ehrlicb 
mix  tu  re. 

38.  Elaslic  Tissue  of  Blood-vessels. — Tissues  fixed  in  absolute 
alcoliol  are  stained  in  orcein  or  by  Mallory’s  niethod.  Henle’s 
fenestrated  membrane  may  be  isolated  by  dissecting  the  rnuscle 
coats  away  froni  a medium-sized  artery  (femoral  of  dog). 
Pieces  of  the  membrane  may  be  obtained  and  stained  witli 
magenta.  The  membrane  may  also  be  isolated  by  treatment 
witli  potassium  hydroxide. 

39.  The  epithelium  of  the  ly  mph  sinuses  ean  be  demon- 
strated  by  injecting  a 0.1  per  eent.  silver  nitrate  solution  with 
a hypodermic  syringe  into  the  substance  of  the  ly  mph  gland. 
After  half  an  hour  the  gland  is  fixed  in  aleohol,  and  thick 
sections  are  cut. 

40.  framework  of  the  ly  mph  gland,  spieen,  thyroid,  and 
adrenal  may  be  isolated  by  digestion  of  frozen  sections  with 
pancreatin  (see  lieticulum). 

41.  It  is  instructive  to  study  the  elements  of  the  ly  mph 
gland,  spieen,  etc.,  in  the  fresli  condition  or  by  stains  such  as 
methylene-blue. 


8.  DIGESTIVE  SYSTEM. 

42.  Goblet  cells  may  be  well  demonstrated  by  staining  with 
thionin. 

43.  AuerhacJi  s and  3Ieissner\<i  plexuses  are  stained  by  the 
gold  Chloride  method  (59). 

44.  The  zymoyen  granules  of  the  pancreas  are  colored  red 
in  safranin  or  the  Biondi-Ehrlich  stain. 

45.  Bile  capillaries  may  be  recognized  by  the  following 
methods : 
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(a)  Pliysiological  self-injection  of  Chrzonszczewski  consists 


in  injecting  tlie  extenial  jugular  veiii  witli  a saturated  aqneous 
soluiioii  of  iiidigo-carmine.  It  is  injected  tliree  times  in  one 
and  one-lialf  lioiirs ; 25-50  cc.  for  a dog,  20-30  cc.  for  a cat, 
and  lo— 20  cc.  for  a rabbit.  At  tlic  end  of  tliis  time  the  animal 
is  killed,  and  small  pieces  of  the  liver  are  bardened  in  absolute 
alcoliol.  In  frogs  it  is  possible  to  place  a piece  of  indigo- 
carmine  tlie  size  of  a pea  in  the  large  doi'sal  lymph  sac. 

After  twenty-four  liours  tlie  animal  is  killed  and  the  liver 
examined. 

(i)  Eile  capillaries  are  demonstrated  also  by  means  of  the 
chrom-silver  methods  of  Golgi  (58).  Small  pieces  of  fresh 
liver  are  placed  for  three  days  in  osminm  bichromate  mixture 
and  then  transferred  to  0.75  per  cent.  acpieous  silver  nitrate 
Solution  and  left  for  from  two  to  three  days.  After  being 
washed  for  a short  time  in  watei*  the  tissue  is  hardened  in 
alcoliol  and  cut  into  thick  sections. 


9.  ORGANS  OF  RESPIRATION. 

4G.  In  Order  to  demonstrate  the  respiratory  epithelium,  a 
young  cat  is  killed  by  deca])itation  and  the  lungs  filled  through 
the  trachea  with  a 0.05  ])er  cent.  silver  nitrate  solution.  The 
trachea  is  then  tied  off*  and  the  whole  organ  immersed  in  a 0.5 
])er  cent.  silver  nitrate  solution  and  left  in  the  dark.  After  an 
hour  the  luiig  is  cut  into  pieces,  which  are  hardened  in  the 
dark  in  alcoliol  of  iiicreasing  strength.  The  reduction  may  be 
accomplished  by  exjiosing  the  pieces  as  a whole  to  sunlight  or 
by  cutting  sections  and  exposing  them. 

47.  Elastic  tissue  in  the  hing  may  be  demonstrated  by  the 

orcein  stain  or  liy  Mallory’s  method.  By  maceration  in  35  per 
Cent,  potassiuiii  hydroxide  solution  the  hbres  can  be  isolated. 
Beautiful  specimeus  showing  the  framework  of  the  hing  can  be 
obtained  by  macerating  pieces  of  hing  in  cent.  potassiiim 

bichromate  for  from  one  to  three  days. 

10.  URINARY  AND  REPRODUCTIVE  SYSTEMS. 

48.  Kidney  tubules  may  be  isolated  by  treatment  with  HCl 
for  from  ten  to  twelve  hours. 
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11).  Kidney  tubules  may  be  filled  witli  iiidigo-carmiiie  by 
tlie  iiietliod  of  Clirzonozczewski  (45). 

50.  Fresli  seinen  may  be  obtained  from  tlie  epididymis  of  a 
rat,  and  studied  in  a drop  of  physiological  salt  soliition. 

51.  Ova  may  be  studied  in  tlie  fresli  condition  from  tlie 
ovary  of  a pig  or  cow.  The  liqiioi-  folliculi  is  allowed  to  escape, 
and  witli  it  often  conies  tlie  ovum  surrounded  by  sonie  cells  of 
tlie  Cumulus  oöpliorus. 

52.  Specimeiis  of  an  injected  placenta  ai*e  instructive  wlien 
teased  out  to  isolate  tlie  villi. 

11.  SKELETAL  SYSTEM. 

58.  Red  bone-marrow  sliould  be  studied  in  tlie  fresli  condi- 
tion in  a drop  of  physiological  salt  solution.  Fixed  speciniens 
can  also  be  inade  by  the  same  methods  as  those  employed  in 
the  study  of  blood.  In  such  slides  stained  in  eosiii  and 
methylene-blue,  or  witli  Ehrlich’s  triple  stain,  the  various  cellu- 
lar elenients  can  be  niade  out.  Bone-marrow  niav  also  be  fixed 

t/ 

in  Zenker’s  fluid  and  paraffin  sections  stained  by  oiie  of  the 
above  methods. 

54.  For  the  study  of  the  development  of  bone,  the  finger  of 
a human  embrvo  three  and  one-half  to  five  months  old,  or  the 
leg  of  a pig’s  enibryo  10-15  cm.  in  length,  is  decalcified  by 
one  of  the  methods  described  above  after  being  fixed  in 
Zenker’s  fluid.  Paraffin  or  celloidin  sections  are  cut  and 
stained  in  haematoxylin  and  eosin,  or  in  picro-carniine.  For 
the  develojnnent  of  connective-tissue  bones  the  parietal  hone 
of  an  embryo  sliould  be  used. 

12.  NERVOUS  SYSTEM. 

55.  To  preserve  the  brain  or  spinal  cord  in  toto,  the  most 
useful  agent  is  forniol  in  10  ]ier  cent.  solution.  Tissue  fixed 
in  this  may  be  used  after  ward  for  histological  purposes,  and 
may  be  hardened  in  Müller’s  fluid,  etc.  The  tendeiicv  of 
formol  to  cause  tissues  to  swell  may  be  counteracted  by  adding 
an  equal  amount  of  60  per  cent.  alcohol. 

56.  For  the  fixation  of  nerve  tissue  for  histological  study. 
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^[liller’s  Üuid  is  tlie  most  generally  useful.  Kelatively  large 
quaiitities  of  tliis  nuist  be  used.  Marina^s  Üuid  eonsists  of  100 
ec.  of  00  [)er  ceiit.  alcoliol,  5 cc.  of  40  per  cent.  formol,  and  10 
grarnmes  of  chromic  acid.  Tissues  hardened  in  tliis  fluid  inay 
be  used  for  Weigert’s  or  Nissl’s  metliod.  Osmic  acid,  Fleni- 
ining’s  fluid,  and  absolute  alcoliol  are  used  also  for  nervous 
tissues. 

57.  Stainino'  of  inedullated  flbres  accordin«;  to  tlie  Pal- 
Weigei^t  method  is  as  follows  : Tissue  fixed  in  Müller’s  fluid  is 
transferred  witliout  wasliing  in  water  to  alcoliol,  in  wliich  it  is 
hardened  in  tlie  dark.  Celloidin  sections  (40-50  u)  are  cut, 
and  if  not  brown  are  allowed  to  stand  for  a few  liours  in 
Müller’s  fluid.  Tliey  are  tlien  stained  for  frorn  twenty-four  to 
forty-eiglit  liours  in  tlie  following  solution : liaeniatoxylin,  1 
gramine ; absolute  alcoliol,  10  cc.  ; distilled  water,  90  cc. ; sat- 
urated  aqueous  solution  of  litliiuni  carbonate,  Icc.  From  tliis 
tlie  sections  are  transferred  to  a 1-3  per  cent.  solution  of  litli- 
iuni  carbonate.  AVlien  tliey  are  decolorized  (after  about  one-lialf 
liour)  tliey  are  ])laced  for  one-lialf  to  one  niinute  in  a freslilv 
])repared  0.25  per  cent.  solution  of  potassiuin  pernianganate. 
The  sections  are  now  wiished  in  distilled  water  and  placed  in  the 
differentiating  fluid,  which  consists  of  equal  parts  of  1 per  cent. 
solution  of  potassiuin  sulphite  and  1 per  cent.  oxalic  acid.  The 
differentiation  often  takes  nu  hour  or  niore.  The  niedullary 
sheaths  are  colored  dark  blue,  while  the  gray  substance  is 
alniost  colorless.  The  sections  should  now  be  waslied  in 
water,  dehydrated,  and  mounted  in  balsani.  Tliey  may  be 
counterstained  in  carinine,  eosin,  etc. 

58.  Golgids  methods  are  uncertain,  and  are  liable  to  produce 
artifacts ; but  a successful  inipregnation  gives  a specimen  of 
great  value.  The  so-called  rapkl  method  is  as  follows : Small 
pieces,  3—4  mm.  thick,  are  immersed  in  a mixture  of  1 volume 
of  1 per  Cent,  osmic  acid,  and  4 volumes  of  3.5  per  cent.  potas- 
sium  bichroniate  solution.  About  10  cc.  of  tliis  mixture  are 
used  for  each  piece  of  tissue.  Hardening  should  take  place  in 
the  dark  and  at  a temperature  of  25°  C.  The  time  required 
diflers  with  the  tissue  used  {e.  g.,  two  to  three  days  with 
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neuroglia  cells ; tliree  to  five  days  for  nerve  cells;  ßve  to 
seven  days  for  collaterals).  The  pieces  of  tissue  are  transferred 
to  0.75  per  cent.  silver  nitrate  solution  after  liaving  heing 
waslied  in  water  and  dried  witli  ßlter-])aper.  Tliey  are  left  at 
ordinary  rooin  temperature  in  the  silver  nitrate  for  frorn  two 
U)  three  days.  At  this  point  a precipitate  of  silver  cliromate 
often  forins,  in  wliicli  case  the  whole  [)roceeding  must  he  rej)eated. 
The  pieces  are  then  transferred  to  absolute  alcohol  for  from 
one-half  to  one  hour  and  iinbedded  (piickly  in  celloidin — i.  e., 
thirty  minutes.  Com])aratively  thick  sections  ai’e  ciit,  dehy- 
drated  in  absolute  alcohol  (two  minutes),  cleared  in  oil  of 
bergamot,  and  mounted  witliout  a cover  glass  in  balsam.  The 
best  results  with  the  nervous  System  are  obtained  witli  embry- 
onic  tissues. 

59.  For  all  kinds  of  nerve-endin(js  the  gold  chloride  niethod 
of  Kan  vier  and  its  many  modilications  may  be  used.  Tissue 
is  placed  in  a mixture  made  by  boiling  8 parts  of  1 per  cent. 
gold  chloride  solution  with  2 parts  of  formic  acid.  After  an 
liour’s  action  in  the  dark  the  tissue  is  waslied  in  distilled  water 
and  allowed  to  remain  in  20  per  cent.  formic  acid  in  day light 
foi’  from  twenty-four  to  forty-eight  hours.  It  is  then  hardened 
in  alcohol  and  iinbedded  in  celloidin.  Many  other  methods 
have  beeil  employed  with  success  [e.  g.,  filtered  lemon-juice  live 
minutes,  1 per  cent.  gold  chloride  1 hour,  lemon-juice  twenty- 
four  liours ; or  formic  acid  1 ])er  cent.  for  one  hour,  gold 
chloride  1 per  cent.  two  hours,  formic  acid  10  per  cent. 
twenty-four  houi-s).  In  none  of  these  methods  should  metallic 
instruments  be  used.  Instead  of  being  sectioned,  the  tissue 
may  sometimes  {e.  g.,  muscle)  be  teased  out  in  gly cerin. 

60.  Nerves  and  nerve-endings  may  also  be  demonstrated 
by  staining  them  with  m-eihylene-blue  (Ehrlich),  in  one  of  the 
following  ways : 0.83-4  per  cent.  solution  of  methylene-blue 
in  warm  physiological  salt  solution  is  injected  into  the  veins 
(external  jugular)  of  an  animal.  After  a few  hours  the  sympa- 
thetic  ganglion  cells,  muscles,  etc.,  are  exaniined.  Anotlier 
method  is  to  cut  thin  sections  (T-1  mm.  thick)  of  tissue  from 
an  animal  which  has  just  been  killed,  and  stain  this  fresh  tissue 
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witli  (I  wenk  solutioii  ot  iiictliyleiiG-bluG  (1  pGr  cGiit.  in  pliysio- 
logical  salt  solution)  lor  from  thrGG-quartcrs  to  odg  and  odg- 
half  hours.  Tliis  stain  is  not  pcrmaiiGnt,  bnt  may  he  madG  so 
by  trcatniGiit  with  tliG  following  fixing  fluid  of  BgUig  : am- 
moniimi  inolybdatG,  1 gramniG ; distillGd  wator,  10  cc.  Thcre 

may  also  bo  addod  liydrogGii  pcroxido  1 cc.  and  hydrochloric 
acid  4 drops. 

iissuGS  rcmaining  in  tliis  fluid  for  from  six  to  twcnty  hours 
should  bc  IvGpt  Oll  icG.  Tlicy  arc  tlicn  waslicd  in  running 
water  and  transferrGd  to  absolutG  alcoliol  for  about  one-lialf 
liour. 


13.  SKIN. 

61.  The  Stratum  spinosum  is  seen  plainly  in  tissue  hardened 
in  osniic  acid.  The  stratum  lucidum  is  yellow  in  sections 
stained  in  picro-carmine.  The  grau  nies  of  the  stratum  graiiu- 
losum  are  stained  with  carniine  or  hsemaluni. 

62.  The  mammary  gland  is  studied  best  after  flxation  in 
Flernming’s  fluid  and  staining  in  safranin.  The  elements  of 
the  Colostrum  can  be  studied  directly  on  the  slide. 


14.  EYE. 

63.  A negative  ])icture  of  the  spaces  and  canals  of  the  cornea 
may  be  obtained  in  the  following  way  : The  cornea  of  a fresh 
eye  is  deprived  of  its  epithelium  and  allowed  to  reiiiain  in  a 
1 per  Cent,  silver  nitrate  solution  for  from  three  to  six  hours  in 
the  dark.  It  is  then  placed  in  water  in  the  sunlight,  and  after 
reduction  has  taken  place  is  hardened  in  alcoliol  of  increasing 
strengths.  Sections  parallel  to  the  suiTace  are  made  and 
mounted  in  balsam.  The  svsteni  of  canals  is  colored  white 

kJ 

on  a brown  backofround. 

o 

64.  The  impregnation  of  the  corneal  cells  and  canals  with 
gold  may  be  accomplished  by  the  gold  chloride  method  (59). 

65.  For  the  study  of  the  finer  structure  of  the  retina,  the 
tissue  is  hardened  in  Fleniniing's  fluid  and  tliiii  paraifin  sections 
are  stained  in  safranin. 

66.  The  nervous  elements  of  the  retina  mav  be  demonstrated 

K/ 

by  Ehrliclfs  methylene-blue  method,  or  by  Ranion  y GajaFs 
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inodification  of  Golgi’s  methocl.  The  latter  stainiiig  is  per- 
foriiied  as  follows  : A piece  of  retina  is  dipped  iiito  celloidin 
for  a monient,  so  tliat  a tliiii  layer  hardenson  tlie  surface.  The 
retina  is  then  placed  in  the  following  solution  for  frorn  twenty- 
four  to  forty-eight  liours  : 3 j)er  eent.  potassiiini  hiehrornate 
solution,  20  cc. ; 1 per  cent.  osinic  acid,  5-0  ec.  The  tissue  is 
dried  on  filter-paper  and  left  in  a 0.75  per  cent.  silver  nitrate 
solution  for  twenty-fonr  hours.  It  is  then  transferred  directly 
to  a mixture  of  20  cc.  of  potassiurn  bichromate  solution  and 
2-3  cc.  of  1 per  eent.  osmic  acid.  After  froni  twenty-four  to 
thirty-six  hours  it  is  placed  again  in  the  0.75  per  cent.  silver 
nitrate  solution,  where  it  is  allowed  to  remain  for  froin  one  to 
two  days.  The  tissue  is  now  quickly  dehydrated  and  imbedded 
in  celloidin. 

67.  Nerves  of  the  cornea  can  he  demonstrated  by  the  gold 
Chloride  niethod. 


15.  EAR  AND  NOSE. 

68.  The  cochlea  is  opened  at  the  apex  under  0.5  per  cent. 
osmic  acid  solution  and  allowed  to  remain  for  twelve  hours  in 
this  solution.  After  washimr  the  orsfan  in  water  and  hardenimr 

O O ö 

it  in  alcohol,  the  cochlea  is  decalcihed  in  2 per  cent.  chromic 
acid  or  3 per  cent.  nitric  acid.  This  takes  a week  or  more, 
usually.  Sections  are  cut  in  celloidin  and  stained  in  safranin. 

69.  Epithelial  cells  of  the  olfactory  region  of  the  nasal 
mucous  membrane  may  be  isolated  by  maceration  in  33  per 
Cent,  alcohol  for  from  two  to  three  hours,  and  then  transferred 
for  teil  minutes  to  1 per  cent.  osmic  acid. 

70.  The  olfactory  cells  may  be  stained  by  Golgi’s  method. 
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of  cartilage,  70 
Aqueous  liumor,  340 
Araclinoidea,  297 
Arborescent  cells,  293 
Archoplasm,  25 
Arcuate  arteries,  218 
fibres,  internal,  287 
veins,  219 
Arcus  tarseus,  363 
Area  cribrosa,  213 
Areas  of  calcification,  268 
of  ossifieation,  268 
Areolar  connective  tissue,  54 
glands,  339 

Arrectores  pilorum,  327 
Arteria  hyaloidea,  357 

corticis  (adrenal),  150 
capsulse  (adrenal),  150 
medulhe  (adrenal),  150 
Arteries,  123 
large,  127 
medium  sized,  126 
precapillary,  122 
of  skull  cavity,  127 
Arteriolse  rectae,  220 
Articular  ends  of  bones,  267 
Asbestos  cliange  in  cartilage,  72 
Ascending  arm  of  llenle’s  loop,  213,  215 
Association  centres  of  the  brain,  291 
paths  of  the  brain,  291 
Astrocvtes,  285 
Atresia,  follicular,  245 
Atrium,  208 
Attraction  sphere,  25 
Auditory  organ,  364 
Auerbach’s  })lexus,  191 
Axial  sheath  of  muscle-spindle,  315 
Axis  of  spermatozoön,  228 
Axis-cylinder  process,  97,  98 
of  nerve-fibre,  104 
Axone,  97,  98 
hillock,  98 

P AILLARGER,  fibre-tract  of,  293 
IJ  Basal  cells  of  taste-buds,  382 
granules,  39 

membrane  of  intestine,  185 
of  skin,  320 
Basement  membrane,  45 
in  thyroid,  147 
Basic  dyes,  116 

granulations  in  leucocytes,  117 
Basichromatin,  23 
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Basket  cells,  50,  172 

of  inainmaiy  gland,  338 
Basopliile  graimlation,  117 
Berlin  blue,  400 

gelatin,  400 
Bile  capillaries,  105 

development  of,  205 
Bile  dncts,  202 
Bioblast,  21 

Biondi-Ehrlicli,  triple  stain,  398 
Bipolar  cells,  100 

transition  to  unipolar,  101 
Bladder,  nrinarv,  221 
Blood,  112 

cells  of  lower  vertebrates,  113 
corpnscles,  112 

intracellulär  development  of,  123 
nncleated  red,  265 
white,  114 
dnst,  118 
fnnction  of,  119 
histogenesis,  118 
platelets,  117 
sliadows,  113 

speciniens,  preparation  of,  407 
snpply  of  mnscles,  275 
vascnlar  System,  122 
units  of  fat,  68 

of  kidney,  217 
of  liver,  200 

Blood-vessels  of  ad  renal,  150 
of  bone,  266 

of  central  nervons  System,  298 
of  cochlea,  373 
of  eyeball,  357 
of  intestine,  190 
of  kidnev,  217 
of  liver,  197 
of  hing,  210 
of  lymph  gland,  136 
of  membranons  labvrinth,  373 
of  oral  mncous  membrane,  155 
of  ovary,  246 
of  penis,  237 
of  ])rostate,  235 
of  skin,  335 
of  spieen,  140 
of  stomach,  190 
of  testis,  227 
of  Uterus,  254 
of  Wolffian  body,  248 
Body  of  gastric  gland,  181 
of  nerve-cell,  102 
of  s])ermatozoa,  228 
Bone,  74 

blood-vessels  of,  266 
canalicnli,  78 
cavities,  78 
cells,  75,  79 

compact  and  spongy,  74 
connective  tissne,  278 
decalcification  of,  390 
destruction,  272 
development  of,  268 


Bone  formation,  endochondral,  268 
ground  snbstance,  76 
joining  together  of,  267 
lacunse,  75,  78 
Bone-marrow,  265 
Bones,  264 
Bony  labyrinth,  365 
Borax  carmine,  395 
Bownian’s  capsule,  212 
discs,  93 
membrane,  341 

Brachium  conjunctivum.  See  Superior 
cerebellar  peduncle. 
pontis.  See  Middle  cerebellar  peduncle. 
Branched  alveolar  gland,  49 
tubulär  gland,  49 
Bridges,  intercelhilar  43 
Bronchial  arteries,  211 
Bronchioli,  respiratory,  207 
Bronchi olus,  207 
Bronchus,  207 

Brownian  molecular  movement,  27 
Brnch’s  membrane,  345 
Brücke’s  line,  84,  90 
Brunner’ s glands,  189 
Buccal  glands,  177 
Buds,  periosteal,  269 
Bulbus  oculi,  340 
Burdach’s  column,  281 

nAJAL,  cells  of,  291 
VJ  Calcification,  areas  of,  268 
of  cartilage,  72 
Calyces  of  kidney,  221 
Canal,  central,  279 
Canalicnli,  dental,  158 
of  bone,  78 

Canalis  hyaloideus,  357 
Canalized  tibrin,  260 
Canals  in  dentine,  157 
of  cornea,  341 
of  Corti,  370 
of  Petit,  356 
secretory,  174 
System  in  cartilage,  71 
Capillaries,  122 
bile,  195 

formation  of,  122 
secretory,  174 

of  oxyntic  cells,  183 
Capillary  buds,  123 
Capsula  fibrosa  of  joints,  267 
synovialis,  267 
Capsule,  internal,  288 
of  adrenal,  148 
of  Bowman,  212 
of  Glisson,  194 
of  joints,  267 
of  lymph  gland,  133 
of  Spermatozoon,  228 
of  spieen,  138 
Cardiac  glands,  184 
Carmine,  395 
gelatin,  400 
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Carotid  gland,  153 
Cartilage,  G8 

calcitication  of,  72 
canal  System,  71 
capsule,  70 
cells,  G9 
elastic,  72 

groimd  substance,  69 
growtli  of,  70 
marrow,  71 
of  Santorini,  20 G 
of  Wrisberg,  20G 
ossification  of,  72 
senile  (asbestos)  change  in,  72 
spaces,  G9 
white  tibrous,  73 
Cartilages,  273 

Cartilaginous  framework  of  trachea,  206 
Caruncula  laclirymalis,  3G3 
Cavernous  part  of  iirethra,  223 
Cell,  18 

balls  of  carotid  gland,  153 
membrane,  23 
nodes,  2G0 
Celloidin,  391 

injection  mass,  400 
Cells  of  Cajal,  291 
of  Martinotti,  292 
of  Purkinji,  295 
of  Sertoli,  229 
of  the  columns,  281 
Cellular  inclusions,  21 
Cellulifugal  conduction,  101 
Cellulipetal  conduction,  101 
Cement,  IGl 

development  of,  1G4 
lines,  demonstration  of,  402 
of  V.  Ebner,  76 
Central  canal,  279 

chyle  vessel,  187,  191 
glia  mass,  286 
gray  matter,  280 
lympli  space,  187,  191 
nervous  System,  278 

blood-vessels  of,  298 
spindle,  29 
veins  of  liver,  198 
Centrifugal  cells,  282 
Centripetal  cells,  282 
Centro-acinar  cells,  193 
Centrosome,  24 
Cerebellar  peduncles,  288 
tract,  283 

Cerebel  1 um,  288,  293 

granulär  cells  of,  294 
medulla,  296 
neuroglia  of,  296 
Purkinji  cells,  100 
Cerebral  cortex,  291 
nerves,  motor,  289 
sensory,  289 

Cerebrospinal  nerves,  299 
Cerumen,  377 

Cervical  glands  of  uterus,  253 


Cervix  uteri,  253 
Cliecker-board  nucleus,  115 
Chemotaxis,  27 
Cheniotropism,  27 
Chief  cells,  182 
Chloride  of  gold  methods,  413 
Chorda  dorsalis,  51 
Chorioid  plexus,  298 
Chorioidea,  343 
Chorion,  258 

frondosum,  257 
Chorionic  membrane,  257 
villi,  257 
Chromatin,  22 
Chromatolysis,  32,  246 
Chromatophile  granulös,  102,  103 
Chromophile  cells,  152 
! Chrom-osmium-acetic  acid,  389 
Chroniosomes,  29 
Chyle  vessels,  central,  187,  191 
Cilia,  26 

Ciliarv  body,  344 
movement,  26 
niuscle,  344 

Ciliated  epithelium,  39 
Cinnabar  gelatin,  400 
Circular  sheath  of  hair,  325 
Circulation  in  protoplasm,  26 
of  placenta,  262 
Circulatory  System,  121 
Clarke’s  colunm,  279 
Clasmatocytes,  60 
Claudius,  cells  of,  372 
Clitoris,  263 
Cloquet’s  canal,  357 
Club  hair,  328 

Coagulation  phenomena,  104 
Coccvgeal  gland,  154 
Cochlea,  365,  367 
vessels  of,  373 
Cochlear  nerve,  290 
nuclei,  290 
Cohnheim’s  fields,  88 
Coil  gland,  48,  333 
Collaterals,  98 

Collecting  tubules  of  kidney,  213,  216 
Colloid  substance  in  thyroid,  145 
Colorless  blood  corpuscles,  114 
Colostrum,  339 

cor})uscles,  338 
Colunm  of  Burdach,  281 
of  doll,  281 
of  (lowers,  283 
of  Stilling-Clarke,  279 
Commissural  cells,  282 
Commissure,  dorsal  and  ventral  grav,  280 
grav,  279 
white,  280 

Common  bile  duct,  202 
Compound  alveolar  gland,  49 
tubulär  gland,  49 

Concentric  corpuscles  of  Hassal,  143 
Condenser,  Abbe’s,  384 
Conduction  of  nervous  impulses,  101 
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(’one  fibre,  348 
( ’oiies,  348 
Coiigo  red,  397 
Coni  vasciüosi  Halleri,  231 
Conjunctiva,  361 
palpebralis,  362 
sclerse,  362 

Connecting  tubules  of  kidney,  213,  216 
Connective  tissue,  53 

bones,  development  of,  273 
cells,  56 

classilication  of,  53 
histogenesis  of,  61 
nerve-endiiigs  in,  307 
of  kidney,  217 

Contact  relation  of  neurones,  101 
Contraction  bands,  92 
of  muscle,  92 

Convoluted  tubules  of  kidney,  213 
Corium,  319 
Cornea,  340 
Corneal  canals,  341 
cells,  341 
endothelium,  342 
Cornitication,  42 
Corona  ciliaris,  344 
radiata,  242 

Corpora  lutea  spuria,  244 
vera,  244 

Corpus  albicans,  244 

eavernosuni  uretbrse,  235 
ciliare,  344 
bbrosa,  244 
liaemorrliagicum,  243 
Highmori,  224 
luteum,  244 

restiforme.  See  Inferior  cerebellar  j)e- 
duncle. 

spongiosum,  235 
Uteri,  253 

Corpuscles  of  blood,  112 
of  Grand  ry,  308 
of  Herbst,  310 
of  Hassal,  concentric,  143 
of  Meissner,  310 
of  Ruffini,  310 
of  Vater-Pacini,  311 
Corrosive  Sublimate,  389 
Cortex,  cerebellar,  294 
cerebral,  291 
of  adrenal,  148 
of  hairs.  323 
of  kidney,  212 
of  lympli  gland,  134 
pyramidal  cells  of,  100 
re])resentation  of  senses  in,  291 
Cortical  sheath  of  glia  tibres,  293 
Cortbs  canal,  370 
Organ,  369 
Cotyledons,  257 
Cowpei*’s  glands,  235 
Crenation  of  blood  cells,  113 
Crista  acustica,  365 
basilaris,  368 


Cross  of  Ranvier,  106 
Crossed  pyramidal  tract,  283 
Crusta,  24 
Crypt  of  tonsil,  168 
Cubical  epithelial  cells,  38,  41 
Cumulus  oöpliorus,  242 
Cupola,  366 
Cutaneous  vessels,  335 
Cuticle  of  hair,  323 
of  root  sheath,  324 
Cuticula,  24 
dentis,  161 
vaginte  pili,  324 

Cuticular  border  in  epithelium,  40 
Cutis,  318 

plate  of  myotome,  94 
Cylindrical  epithelium,  38,  41 
Cystic  duct,  202 
Cytoblastema,  28 

DECALClFICATroN  of  bone,  390 
Decidua,  basalis,  255 
capsularis,  255 
graviditatis,  255 
menstrualis,  255 
reflexa,  255 
serotina,  255 
vera,  255 
Decidual  cells,  256 
Degenerations  in  epithelial  cells,  44 
Dehiscent  gland,  49 
l)eitei*’s  cells,  100,  285,  372 
})rocess,  97,  98 

Delalield’s  haematoxylin,  396 
Delomorphous  cells,  182 
Deniilunes  of  Gianuzzi,  174 
Dendrite,  97,  99 
Dense  connective  tissue,  63 
I Dental  canals,  157 
canaliculi,  158 
tibres,  157 
germ,  161 
papilla,  161 
ridge,  161 
sac,  162 

sheath  of  Neumann,  1^9 
Dentine,  157 

cell  bodies,  157 
ground  substance,  159 
origin  of,  163 
Derma,  318 

Descemet’s  membrane,  341 
Descending  arm  of  llenle’s  loop,  213,  215 
Destruction  of  bone,  272 
Deutoplasm,  24,  241 
Development  of  adrenal,  150 
of  bile  capillaries,  205 
of  bone  from  cartilage,  268 
of  bones,  268 
of  capillaries,  122 
of  cenient,  164 
of  dentine,  163 
of  elastic  tissue,  62 
of  enamel,  163 
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Development  of  fibrillär  connective  tissue,  | 
(31 

of  liver,  204 
of  lymphatics,  133 
of  muscle  cells,  95 
of  mnscles,  276 
of  spermatozoa,  229 
of  siibmaxillary,  175 
of  teeth,  161 
of  tonsils,  169 
Diapedesis,  60,  115 
Diartlirosis,  267 
Diaster,  31 

Difierential  staining,  395 
Differentiation  of  cells,  36 
Digestion  lencocytosis,  114 
of  fat,  187 

Digestive  System,  154 
Di})löe,  273 
Direct  division,  28 
Disc,  tactile,  3()8 
Discus  proligerns,  242 
Division  of  labor  in  cells,  36 
Dorsal  colnmn,  280,  283 
gray  commissnre,  280 
horn,  279 

median  septum,  280 
root,  279 

Dorsolateral  gronp  of  motor  cells,  281 
Double  stains,  397 
Doyere’s  liillock,  93,  313 
Drnm  of  ear,  376 
Duct  of  Santorini,  192 
of  Wirsung,  192 
Ductless  glands,  49 
Ducts  of  liver,  202 

of  mammary  gland,  339 
of  salivary  gland,  171 
Ductuli  aberrantes,  234 
efferentes  testis,  231 
Ductnlus  aberrans  Halleri,  234 
capitis  epididymis,  234 
retis  testis,  234 
Ductus  coclilearis,  367 
endolymphaticus,  375 
ejaculatorius,  233 
pancreaticus,  192 

accessorious,  192 
papillaris,  215 
perilymphaticus,  375 
reuniens  (Henseni),  365 
utriculo-saccularis,  365 
Dura  mater,  296 

cerebralis,  nerves  of,  297 

14 AR,  364 
Tj  wax,  377 
Ebnei’’s,  v.,  cement  lines,  76 
glands,  167, 177 
hydrochloric  acid,  391 
Plctoderm  layer,  259 
Ectoplasm,  19,  24 
Efferent  lympli-vessel,  136 
Egg  balls,  240 


Egg  cells  of  ovary,  238 
nests,  240 

Ehrlicli’s  metliylene-blue  nietbod,  415 
Piirner’s  organ,  307 
Ejaculatory  duct,  233 
Elastic  cartilage,  72 

connective  tissue,  56,  64 
fibres,  55 

origin  of,  62 
fibrils,  structure  of,  64 
granules  of  Ran  vier,  63 
limiting  layer  of  j)harynx,  177 
membrane  of  Heule,  124 
tissue  stains,  404 
Elastica  externa,  127 
interna,  126 
Eleidin,  321 

Ellipsoid  of  Krause,  348 
lüllipsoids  of  the  spieen,  140 
Embryonic  connective  tissue,  53 
Enamel,  160 
cells,  162 
fibres,  160 
organ,  161 
origin  of,  163 
prisms,  160,  164 
})ulp,  162 

End-bulbs  of  nervous  System,  309 
Endocardium,  130 
Endocliondral  ossification,  268 
Endogenous  cell  formation,  70 
Endolemma,  89 
Endolymph,  365 
Endometrium,  251 

in  menstruation,  254 
in  pregnancy,  255 
Endoneural  slieath,  109,  300 
Endoneurium,  300 
Endoplasm,  19 
Endosteum,  266 
Endothelium,  45 

End-piece  of  tail  of  spermatozoön,  229 
End-plate,  314 
Endscheibe,  91 
Piosinophile  granulation,  116 
Ependyma,  111 
cells,  285 
fibres,  285 
Epicardium,  131 
Epidermis,  320 
Epididymis,  231,  232 
Pipilemma,  89 
Pipineurium,  299 
Epipliyseal  line,  272 
Epitlielium,  37,  40 
Classification  of,  40 
glandular,  46 
histogenesis,  44 

Epithelial  cells  of  mesoblastic  origin,  45 
lamella  of  myotome,  94 
Eponychium,  330 
Epoö])horon,  246,  248 
Pirectile  tissue  of  })enis,  236 
Erlicki’s  fiuid,  389 
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Erythroblasts,  118,  265 
Ervth  rocy  tes,  112 

P^ssential  gland  cells  of  the  testis,  229 
Eustachian  tube,  875 
Eve,  340 

blocxl-vessels  of,  357 
Eyeball,  340 

lyiiiph  paths,  359 
nerves  of,  360 
Eyelaslies,  361 
p]yelids,  361 
Excretion,  46 

External  female  genitals,  262 
Extrusion  of  polar  bodies,  33 

ALLOPI  AN  tube,  250 
Jj  Ealse  interstitial  lamellae,  75 
Eascitß,  278 

Easciculiis  cerebellospinalis  dorsalis,  283 
cerebrospinalis  lateralis,  283 
ventralis,  283 

longitndinalis  medialis.  See  Posterior 
longitudinal  bündle, 
ventrolateralis  Gowersi,  283 
Fastening  villi,  257 
Fat,  66 

cells,  58 

development  of,  66 
digestion,  187 
gerininal  layer,  66 
lobule,  66,  67 
staining  of,  66 
tissne,  58 

Female  genitals,  external,  262 
sexual  Organs,  237 
nrethra,  223 

Fenestrated  membrane  of  Heule,  64,  124 
Fertilization,  32 
Eibrai  arcnata*  cornea?,  341 
zonnlares,  356 
Fibre  baskets  of  retina,  352 
layer  of  Heule,  349 
Fibres,  dental,  157 
Fibril  bundles  of  mnscle,  84 
Fibrillär  tlieorv  of  i)rotoplasmic  structnre, 
20  _ \ 
connective  tissne,  54 
Fibrin,  119 

canalized,  260 

Fibro-muscular  coat  of  gall-bladder,  203 
Fibrous  cartilage,  73 
Filar-mass,  20 

Fissuia  mediana  ventralis,  280 
Fixation  of  tissnes,  388 
Fixed  connective-tissne  cells,  57 
Fixing  agents,  388 
Flagella,  26 

Flagellated  ei)itlielinm,  39 
Flat  cpithelium,  37,  41 
Flennning’s  6uid,  389 
Foani  theory  of  protoplasmic  structnre,  21 
Follicle,  Graalian,  242 
of  lymph  gland,  134 
of  ovary,  238 


F'ollicle  of  tonsil,  169 

})rimordial  or  primary,  240 
solitary,  138 
Follicular  atresia,  245 
cells,  240 

Folliculi  linguales,  167 
Folliculus  oöphorus  vesiculosus,  242 
Fontana,  s})aces  of,  346 
Foramina  nervina,  368 
Formation  of  elastic  fibres,  62 
Formed  connective  tissue,  63 
Formatio  reticularis,  279,  289 
Fossa  navicularis,  223 
Fourtli  ventricle,  287 
Fovea  centralis,  353 
Foveolae  gastrica^,  180 
Framework  of  adrenal,  150 
of  kidney,  217 
of  })ancreas,  194 
of  spieen,  140,  142 
of  tliyroid,  146 
Free  nerve-endings,  304 

in  connective  tissue,  307 
Freezing  of  tissues,  387 
Frommann’s  silver  line,  105 
Fundus  glands,  181 
Funiculus  cuneatus,  281 
dorsalis,  283 
gracilis,  281 
lateralis,  283 
ventralis,  282 

Funnels  of  Schmidt-Lantermann,  105 

pALL  PLADDER,  203 
Vj  Galvanotaxis,  27 
Ganglia,  301 
Ganglion,  98 
spirale,  373 

Ganglionic  layer  of  cerebellum,  295 
GärtnePs  duct,  248 
Gastric  blood-vessels,  190 
glands,  181 
mucosa,  180 
Gelatin,  400 

Gelatinous  bone-marrow,  266 
nucleus,  267 

substance  of  Rolando,  279 
tissne,  259 

Generative  System,  224 
Genital  corpuscles,  264,  309 
Genito-urinary  System  of  embryos,  247 
Gennari,  fibre  tract  of,  293 
Gerininal  cells,  111 
centre,  119,  135 

in  the  s])leen,  139 
e])ithelium,  239 
spot,  241 
vesicle,  241 

Giant  cells  of  bone-marrow,  265 
of  placenta,  261 
Giannzzi,  demilunes  of,  174 
Giralde,  organ  of,  233,  248 
Gitterfasern,  66, 197 
Glands,  46 
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Gland  bodv,  47 

bloüd  siipply  of,  51 
classitication  of,  47,  49,  170 
coil,  333 
ducts,  47 

fundus  or  peptic,  181 
Krause’s,  3G3 
lac'hrvnial,  364 
maiiiinarv,  337 
Meibomian,  362 
of  Brunner,  189 
of  Liberkülin,  185 
of  Montgoinerv,  339 
of  inouth  cavitv,  170 
of  oesophai^us,  178,  179 
of  skin,  331 
sebaceous,  331 
sweat,  333 
tarsal,  361 

Glandulae  areolares,  33 
Bartholini,  263 
bnccales,  176 

bnlbo-nretlirales  Cowperi,  235 
cernminosae,  376 
cervicales  uteri,  253 
ciliares,  361 
gastricae  propriae,  181 
labiales,  176 
linguales,  176 

olfactoriae  (Bowmann),  380 
palatinae,  176 
pylori  cae,  183 
sudoriparae,  333 
urethrales  (Littre),  223 
vestibuläres  majores,  263 
minores,  263 

Glaudular  epitlielium,  46 
Glaus  clitoridis,  264 
penis,  237 
Glashaut,  242,  325 
Glia  cells,  285 
fibres,  286 
mass,  central,  286 
superficial,  286 
Glisson’s  capsule,  194 
Glomerulus  of  kiduey,  212,  213 
Gloinus  caroticum,  153 
coccygeum,  154 
Goblet  cells,  39,  46,  186 
Gold  Chloride  methods,  413 
Golgi  cells,  109,  292 
Golgi-Mazzoni  corpuscles,  310 
Golgi’s  method,  412 

tendon  spindles,  278 
Golks  column,  281 
Goose  skin,  328 
GoweBs  column,  283 
Graafiau  follicle,  242 

rupture  of,  243 
Grandry’s  corpuscles,  308 
Granulär  cells,  58 

of  cerebellum,  294 
sheath  of  Tomes,  159 


Grauulationes  arachnoidales  (Pacchioni), 
297 

Grauulations,  y,  117 
in  leucocytes,  1 1 6 

Grauule  theory  of  protoplasmic  structure, 
21 

Granulo])lasm,  19 
Granulosa,  314 
Gray  commissure,  279 
matter,  278 

Grouud  bundles  of  lateral  column,  283 
of  ventral  column,  283 
lamelke,  76 
sul)stauce  of  boue,  76 
of  deutiue,  159 
Growth  of  cartilage,  70 
Gustatory  cells,  382 
Organ,  381 
pore,  381 

HABENULA  i>erforata,  369 
llaemalum,  396 
ILemalum-eosin,  397 
ILemateiu,  396 
llaematin,  120 
Ilaematoidin,  120 
Ilaematoxylin,  396 
Iltematoxyliu-eosiu,  397 
Ilaematoxyliu-irou-alum,  396 
Ilaemiu,  120 
Haemoglobin,  112,  119 
Ilaemokonien,  118 
Hairs,  322 
Hair-bulb,  322 

cells  of  auditory  neuro-epithelium,  366 

cuticle,  323 

development  of,  325 

follicle,  323,  324 

germ,  325 

muscles  of,  327 

nerves  of,  329 

papilla,  322 

root,  322 

shaft,  322 

siuus,  329 

tactile,  329 

Ilardeuiug  of  tissues,  390 
llassaks  concentric  corpuscles,  143 
llaversian  canals,  75 
lamelhTe,  75 

Ilead  of  Spermatozoon,  227 
Ileart,  130 

layers  of  muscle  in,  130 
muscle,  83 

histogeuesis,  87 
nerve-eudiugs  in,  312 
of  lower  vertebrales,  86 
protoplasmic  bridges  in,  86 
nerves,  132 
valves,  132 

Ilecateromeric  cells,  282 
lleideuhain’s  irou-h?ematoxylin,  396 
Ileisterian  valve,  202 
lleliolropism,  27 
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llenle,  slieath  of,  104,  109,  324 
Ilenle’s  cells,  372 

fenestrated  nienibrane,  124 
til)re  layer,  349 
loo|),  2i3 

Ileiisen’s  ductus  reuniens,  365 
line,  91 

He])atic  diict,  202 
Ilerbst’s  corpuscle,  310 
Ilerniann’s  Iluid,  389 
lleteromeric  cells,  282 
llilum  of  lympb  gland,  136 
Stroma,  136 

Histogenesis  of  blood,  118 
of  connective  tissue,  61 
of  elastic  tissue,  62 
of  epithelium,  44 
of  fat,  66 

of  heart  muscle,  87 
of  tbe  neurone,  110 
of  voluntarv  muscle,  94 
Histology,  17 

Ilistological  units  of  spieen  pulp,  141 
llomomeric  cells,  281 
Horizontal  cells  of  retina,  350 
bbre  tract  of  Gennari,  293 
Horns,  ventral  and  dorsal,  279 
Ilorny  layer  of  epidermis,  320 
Howshijfs  lacunöe,  272 
Husclike’s  auditory  teeth,  368 
Huxley,  slieath  of,  324 
Hyaline,  260 
cartilage,  68 

distribution  of,  72 
layer  of  bair,  325 
Hyaloid  artery,  357 
canal,  357 
membrane,  356 
Hyaloplasm,  19 
Hydatid  of  Morgagni,  234 
Hydrotaxis,  27 
Hydrotropism,  27 
Hymen,  263 
Hyponychium,  331 
Hypoiihysis  cerebri,  152 

TXCLÜSIONS,  cellular,  21 
1 Indirect  division,  28 
Inferior  cerebellar  peduncle,  289 
Injecting,  399 
Injection  masses,  400 
Immersion  lens,  384 
Inner  ear,  364 

blood-vessels  of,  373 
lympb  jiatlis  of,  375 
enamel  cells,  162 
ground  lamellie,  76 
Interannular  segrnents,  105 
Intercalary  part  of  duct,  171 
Intercellular  bridges,  43 
substance,  36 
of  bone,  76 

of  connective  tissue,  54 
Interfilar-mass,  20 


Intergemmal  nerve  filires,  383 
Interglobular  spaces,  159 
Interlobar  arteries  of  kidney,  218 
Interlobular  ducts,  171 

trabeculöe  of  s})leen,  140 
veins  of  kidney,  219 
of  liver,  198 
of  spieen,  140 
Intermediary  lamelke,  75 

l)ath  for  blood  in  spieen,  141 
Intermediate  bodies,  31 
duct,  I7I 

ducts  of  pancreas,  192 
tubules  of  kidney,  213 
Zone  of  stomach,  184 
Internal  arcuate  fibrcs,  287 
capsule,  288 
secretion,  49 

Interolivarv  bundles  of  fibres,  287 
Interradial  bundles  of  fibres,  293 
Interstitial  cells  of  testis,  227 

connective  tissue  of  testis,  227 
growtli  of  cartilage,  70 
lamellse,  75 

Intervillous  spaces,  260 
Intracellular  development  of  blood 
puscles,  123 

Intra-epithelial  nerve-endings,  305 
Intrafusal  nmscle-fibre,  315 
Intragemmal  nerve-fibres,  382 
Intralobular  ducts,  I7I 

trabecuhe  of  spieen,  140 
vcin,  198 

veins  of  spieen,  140 
Intestine,  185 

blood-vessels  of,  190 
lymph-vessels  of,  191 
mucosa  of,  185 
nerves  of,  191 
secretions  of,  187 
Intima,  129 
pia,  298 
Iris,  344 

pigment  layer  of,  345 
Iron-hsematoxyiin,  396 
Irritability,  27 
Islands  of  Langerhans,  194 
proliferation,  260 
Isolation  of  tissue  elements,  386 
Isotro})ic  bands  in  muscle,  90,  91 

TACOBSON’S  Organ,  380 
fl  Joining  together  of  bones,  267 
Joint  capsules,  267 
Joints,  267 

T^ARYOLYSIS,  32,  246 
IV  Keimcentrum,  135 
Keimzellen  of  His,  111 
Keratin,  321 

Keratohyalin  granules,  321 
Kidney,  212 

blood-vessels  of,  217 
framework  of,  217 
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Kidney,  lobule  of,  216 
lyniphatics  ot‘,  220 
nerves  of,  220 
non-vascular  zone  of,  218 
Kolossow’s  osniic-acid  method,  402 
Krause,  ellipsoids  of,  348 
Krause’s  glands,  362 
membrane,  84,  92 
Kiiptler’s,  V.,  stellate  cells,  200 

I ABIA  majora,  263 
14  niinora,  263 
Labial  glands,  177 
Labiuin  tympaiiicum,  367 
vestibuläre,  367 
Labra  glenoidalia,  267 
Labyrinth,  364 
of  kidney,  213 
Lahcrynial  canals,  364 
gland,  364 
Lacteal,  187,  191 
Lacunae,  Howship’s,  272 
Lamellae  in  bone,  75 
Lamina  basalis  of  chorioidea,  343 
choriocapillaris,  343 
cribrosa,  343,  354 
elastica  anterior,  341 
posterior,  34l 
fusca  sclerte,  342 
spiralis  membranacea,  367,  369 
ossea,  367 

snprachorioidea,  342 
vasculosa  cliorioidese,  343 
Lampblack  gelatin,  400 
Langerhans,  Islands  of,  194 
Lange’ s spaces,  319 
Lantanin,  23 
Lanterinann’s  lines,  105 
Large  granulär  ceils  of  cerebellum,  295 
mononuclear  leucocytes,  115 
pyramidal  cells,  292 
Larynx,  206 

Lateral  column,  280,  283 
horn,  279 
lemniscus,  290 
pyramidal  tract,  283 
vestibulär  nucleus,  290 
waves  in  muscle,  92 
Lemniscus  lateralis,  290 
medialis,  287 
Lens,  355 

capsule,  356 
fibres,  355 
of  microscope,  384 
Leucoblast,  119 
Leucocytes,  114 

Classification  of,  115 
distribution  of,  114 
Leucocytosis,  114 
Lieberkühn’s  glands,  185 
Ligamentum  sacculorum  365 
spirale,  367 
Limbus  spiralis,  367 
Limiting  capsule  of  myotome,  95 


Lines  of  Schmidt-Lantermann,  105 
Lingual  tonsils,  167 
Linin,  23 

Licpior  folliculi,  241 
Lissauer’s  zone,  290 
Liver,  194 

blood-vessels,  197 
cells,  195 

development  of,  204 
lobule,  194 
lyniphatics,  201 

Lobes  and  lobules  of  thymus,  143 
Lobule  of  kidney,  216 
of  liver,  194 
of  spieen,  140 
Lobuli  epididymis,  231 
testis,  224 

Locomotor  System,  264 
Longitudinal  bündle,  posterior,  289 
Long  rayed  cells,  293 
Loop  of  llenle,  213 
Loose  connective  tissue,  63 
Lung,  207 

blood-vessels  of,  210 
lyniphatics  of,  211 
Lunula,  330 
Lutein,  244 
cells,  243 
Lymph,  120 

capillaries,  132 
glands,  133 

framework  of,  133 
nodules,  peripheral,  138 
in  adrenal,  150 
paths  of  eyeball,  359 

of  membranous  labyrinth,  375 
sinuses,  134 
space  of  Tenon,  359 
vessels,  132,  135 
of  intestine,  191 
of  kidney,  220 
of  ovary,  246 
of  stomach,  191 
of  Uterus,  254 

Lymphatic  pharyngeal  ring,  167 
sheath  of  arteries  of  spieen,  140 
Lyni])hatics,  development  of,  133 
of  liver,  201 
of  lung,  21 1 
Lymphocytes,  115,  120 
Lymphoid  masses  in  intestine,  188 

MACERATION,  386 
Macula  acustica,  365 
germinativa,  241 
lutea,  353 
Magenta,  404 
Male  sexual  organs,  224 

accessory  glands,  234 
urethra,  223 

Mallory’s  elastic  tissue  stain,  404 
Malpighian  corpuscle  of  kidney,  213 
of  s])leen,  138 
la}'er  of  skin,  320 
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Mal])iglilan  pyramids,  212 
^laniiiiary  gland,  oo7 
ducts  (^t‘,  339 
Mantle  tibres,  30 
Margarin  crystals,  G7 
^Marginal  veil,  111 
iNIarina’s  Üuid,  412 
Marrow  cavity,  primaiy,  269 
oi‘  boiies,  265 
Martinotti,  cells  of,  292 
Mast  cells,  59 
Matrix  cells  of  hair,  326 
imguis,  330 

Maturation  of  the  egg,  33 
Mauthnei’’s  membrane,  107 
Media,  126 

Medial  leiimisciis,  287 
Median  tissure,  ventral,  280 
septuin,  dorsal,  280 
vestibnlar  niicleus,  290 
Mediastininn  testis,  224 
Medulla,  287 

of  adrenal,  149 
of  cerebellnm,  296 
of  liairs,  323 
of  kidney,  212 
of  lymph-gland,  134 
sensory  tract  in,  288 
Medullary  cavity,  priinary,  269 
cords,  134 
plate,  110 
rays,  212 
slieath,  104 
Megaloblasts,  265 
Meiboniian  glands,  362 
Meissnei’^s  j)lexns,  192 
la etile  cor])nseles,  309 
Membrana  basilaris,  50,  369 
chorii,  257 
grannlosa,  242 
liyaloidea,  356 
liinitans  externa,  349 
interna,  352 
olfactoria,  379 
pifcformativa,  163 
propria,  50 

folliculi,  242 
of  glamls,  172 
reticularis,  372 
tectoria,  372 
tympani,  376 
vestibnli  (Reissneri),  367 
Membrane  of  Ilenle,  124 
of  Schwalbe,  64 

Membranes  of  central  nervons  System,  296 
Membranons  cochlea,  367 
labyrinth,  365 
nrethra,  223 
^Meninges,  296 
Menisci  interarticnlares,  267 
tactile,  307 
Menstruation,  254 
Merkel’s  corpnscles,  306 
tactile  cells,  307 


Mesenterv,  205 
Metakinesis,  29 
Metapbase,  31 
Metazoa,  18 

Methylene-blue  for  nerve-endings,  413 
Microblasts,  265 
Micrometer  screw,  384 
Microscope,  383 

Microscopic  anatomy  of  Organs,  121 
Microsome,  19 
Microtome,  387 
Midbrain,  287 

sensory  tract  in,  288 
Middle  cerebellar  pedimcle,  289 
ear,  375 

layer  of  cerebellnm,  295 
Milk  line  or  ridge,  337 
Mitome,  20 
Mitosis,  28 
Mixed  glands,  173 
muscles,  89 

Molecular  layer  of  cerebellnm,  295 
of  cerebral  cortex,  291 
Moll’s  glands,  361 
Monaster,  30 

Mononnclear  leucocytes,  115 
Montgomery’s  glands,  339 
Morgagni,  hydatid  of,  234 
Mossy  übres,  296 
Mother  star,  30 
Motility  of  cells,  25 
Motor  cells  of  cord,  281 

cerebral  nerves,  nnclei  of,  289 
nerve-endings,  312 
and  sensory  neurones,  relation  of,  317 
Month  cavity,  155 

glands  of,  170 
Mucoid  tissne,  53 
Mucosa  of  gall-bladder,  203 
of  intestine,  185 
of  stomacli,  180 
Mncous  cells,  172 

of  intestine,  186 
glands,  174 

membrane  of  larynx  and  trachea,  206 
of  month  cavity,  155 
Müllerian  dnct,  249 
jNHilleRs  bbres,  352 
dnid,  389,  412 
IMulticellnlar  gland,  46 
Multipolar  cells,  100 
Muscle,  80 
bnd,  314 

cells,  nnclei  of  developing,  96 
changes  dnring  contraction,  92 
development  of,  94 
fibre,  intrafnsal,  315 
histogenesis  of,  94 
lavers  of  heart,  130 
nerve-endings  in,  312 
spindles,  314 
Stria?,  84,  90 
Mnscles,  274 

blood-snpply  of,  275 
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M uscles,  development  of,  270 
of  tlie  Uterus,  253 

Muscularis  mucosie  of  intestiiie,  188 
of  msoplia^us,  178 
of  Oesophagus,  179 
]\Iuseular  System,  274 
Musculus  ciliaris,  344 
Muskelsäulchen,  84 
Myelocytes,  205 
Myoblasts,  95 
Myoeardium,  130 
Myometrium,  251 
Myotonie,  94 


MAIL,  329 
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body,  329 
groove,  329 
leaves,  330 
root,  329 
wall,  329 
Nasal  duct,  304 
Xasopbarynx,  177 
Nebenkern,  193 
Nebenscbeibe,  91 
Neck  of  enamel  organ,  102 
of  gastric  gland,  181 
Negative  cbemotaxis,  27 
Nerve  cell,  body  of,  102 
cells,  98 

corpuscles  of  Golgi-Mazzoni,  310 
genital,  309 
of  Kuffini,  310 
endings,  304 

in  connective  tissue,  307 
in  muscle,  312 
in  nervous  tissue,  310 
motor,  312 
sensory,  314 
fibres,  103 

process.  See  .Vxone. 

Nerves,  299 

cerebrospinal,  299 
sympathetic,  300 
of  dura  mater,  297 
of  eyeball,  300 
of  hairs,  329 
of  tbe  beart,  132 
of  tbe  intestine,  191 
of  tbe  kidney,  220 
of  tbe  liver,  201 
of  tbe  lung,  211 
of  tbe  ovary,  240 
of  tbe  pancreas,  194 
of  tbe  stomacb,  191 
of  tbe  submaxillary  gland,  176 
of  tbe  Uterus,  254 
Nervi  nervorum,  301 
Nervous  System,  278 

central  blood-vessels  of,  289 
peripberal,  299 
tissue,  97 

Neurnann’s  dental  sbeatb,  159 
Neural  tube,  110 


Neuraxone.  See  Axone 
Neurilemma,  105 
Neuroblast,  111 
Neuro-epitbelial  cells,  307 
Neurobbrils,  lOl,  104 
Neuroglia,  285 

of  cerebellum,  290 
of  cerebral  cortex,  293 
Neurokeratin  network,  100 
Neurone,  97 

contact  relation  of,  lOl 
bistogenesis,  110 
tbeory,  101 
Neuroplasni,  104 
Neuros])ongium,  111 
Neutral  dyes,  110 
Neutrophile  granulatiou,  117 
Nicors  prisms,  in  study  of  bone,  76 
of  muscle,  90 
Nissl’s  bodies,  102,  103 
metbod,  406 
Nodes  of  llanvier,  105 
Nodules,  lympb-,  138 
Nou-medullated  nerve  Obres,  109 
Nou-vascular  zone  of  kidney,  218 
Normoblasts,  205 
Nose,  377 

-piece,  385 
Nuclear  tluid,  23 

Nucleated  red  blood  corpuscles,  205 
Nuclei  of  cerebral  nerves,  289 

of  developing  muscle  cells,  96 
Nuclein,  22 
Nucleolus,  22 
Nucleus,  19,  22 
dorsalis,  279 
olivaris  inferior,  288 
pulposus,  267 
Nuel’s  space,  372 
Nutrient  arteries  of  bone,  266 

fUUl^CTIYE  ocular,  384 
* / Odontoblasts,  150,  102 
Q^isopbageal  glands,  178,  179 
G']soi)bagus,  178 
Oil  immersion  lens,  384 
Oken’s  body,  247 
Olfactorv  cells,  378 
glands,  380 
nerve,  291 

Obres,  109 
organ,  377 

Optic  nerve,  291,  340,  354 
Oral  cavity,  155 

mucous  membrane,  155 
Ora  serrata,  235,  240 
Orbicularis  ciliaris,  244 
Orcein,  403 
Organ  of  Giralde,  233 
of  Jacobson,  380 
Organon  spirale,  309 
Organs,  microscopic  anatomy  of,  121 
Origin  of  blood  cells,  118 

of  connective-tissue  Obrils,  01 
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Origin  of  elastic  tissue,  62 
Osmie  acid,  388 

method  of  Kolossow,  403 
Ossein,  74 

Ossißcation,  areas  of,  268 
of  cartilage,  72,  268 
Osteoblasts,  264,  270 
Osteoclasts,  266,  272 
Osteogenous  tissiie,  268 
Otokonien  crystals,  366 
Otolith,  366 

meinbrane,  366 
Outer  ear,  376 

gronnd  lamella?,  76 
Ovaries,  237 

Ovary,  blood-vessels  of,  246 
cortex  of,  238 
follicles  of,  238 
lympli-vessels  of,  246 
mednlla  of,  238 
nerves  of,  246 
Stroma  (^f,  239 
tnnica  albuginea  of,  238 
Ovula  Nabothi,  253 
Ovnlation,  254 
Ovnni,  primordial,  239 
Oxychromatin,  23 
Oxvntic  cells,  182 

PACCIIIOXIAN  bodies,  297 
1 Palatine  glands,  177 
tonsils,  169 

Palpebral  arteries,  363 
l^d-Weigert  method,  412 
l^ancreas,  192 

framework  of,  194 
nerves  of,  194 
Pannieulns  adiposns,  320 
Papilke  cirenmvallatfe,  166 
dental,  161 
fdiformes,  165 
fimgiformes,  165 
of  oral  mneons  membrane,  155 
of  skin,  319 
of  tongne,  1 64 
Papillary  diiet,  213,  215 
Paradidvmis.  233,  248 
Paraffin*,  392 
Paramitome,  20 
Parannclein,  22 
Tkiranuclens,  193 
Parareticnlar  cells,  350 
Parathyroid  gland,  147 
Parenchyma  of  testis,  225 
Parietal  cells,  182 
Paror)])lioron,  246,  248 
Parotid  gland,  176 
Parovarium,  246,  248 
Pars  cavernosa  nrethrte,  223 
ciliaris  retinaj,  346,  354 
iridiea  retinpe,  345 
membranacea  nrethr?p,  223 
optica  retinse,  346 
papillaris  of  corinm,  319 


Pars  j)rostatica  urethrie,  223 
reticularis  of  corium,  319 
Pavement  epithelium,  41 
Peduncles,  cerebellar,  288 
Pellicuia,  24 
Pelvis  of  kidney,  221 
Penicilli,  140 
Penis,  235 

blood-vessels  of,  237 
Pepsinogen,  182 
Peptic  glands,  181 

Periaxial  space  of  muscle  spindle,  315 
Pericardinm,  132 
Pericellular  plexus,  302 
Pericliondral  ossification,  268 
Perichondrium,  68,  71 
Perilobular  space  of  liver,  201 
Perilymj)h,  365 
Perimetrium,  251 
Perimysial  sheath,  315 
Perimysium  externum,  274 
internum,  274 
Perineurium,  300 
Periosteal  buds,  269 
Periosteum,  264 
Periplieral  lymph-nodule,  138 
nervous  svstem,  299 
sensory  neurones,  origin  of,  111 
veil,  111 

Peritenonium,  277 
Peritoneum,  205 

Perivascular  lympli-spaces,  129,  201 
spaces  in  nervous  System,  299 
Perivitelline  space,  242 
Permanent  tooth,  dental  ridge,  162 
Perosmic  acid,  388 
Petit’s  canal,  356 
Peyei-’s  ])atcli,  188 
Phagocytes,  60 
i Phagocytosis,  116 
1 Phalanx,  372 
I Pharyngeal  tonsils,  169 
Pliarynx,  177 
Pliototaxis,  27 
Pia  mater,  297 

blood-vessels  of,  298 
Picric  acid,  398 
Picrocarmine,  398 
Pigment  cells,  58 
epithelium,  44 
in  the  skin,  322 
layer  of  iris,  345 
Pillars  of  organ  of  Corti,  370 
Ihtuitary  body,  152 
Placenta,  257 

circulation  of  blood  in,  262 
foetalis,  257 

uterina  s.  materna,  257 
Placental  villi,  257 

Plain  muscle  tibres.  See  Smooth  muscle. 
Plana  semihmata,  365 
Plasma  cells,  59 
of  blood,  112 
Platelets  of  blood,  117 
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Platelets,  pre]mration  for  study,  408 
Platinuni-osniiiim-acetic  acid,  389 
Pleurse,,  210 
Plexus  aniiularis,  360 
chorioideus,  298 
myenterieus,  191 
of  Auerbacdi,  191 
of  Meissner,  192 

Plicffi  conuiveutes  Kerkringii,  185 
palmatse,  253 
semilunares,  362 
villosae,  181 

Polar  bodies,  extrusion  of,  33 
radiatioiy  31 

Polymorphonuclear  leueocytes,  115 
Polymorplious  cells,  292 
Pons,  287 

sensory  tract  in,  288 
Porus  lactiferus,  337 
Positive  cliemotaxis,  27 
Posterior  basal  membrane,  341 
epithelial  layer,  342 
liorn.  See  Dorsal  horn. 
longitudinal  bündle,  289 
median  septum.  See  Dorsal  median 
septum. 

root.  See  Dorsal  root. 

Precapillary  arteries  and  veins,  122 
Pregnancy,  255 
Preparation  of  specimens,  385 
Prickle  cells,  42 

Prima ry  bundles  of  muscle  fibres,  274 
follicles,  240 
medullary  cavity,  269 
Primitive  tibrils  in  muscles,  88 
in  nerves,  104 
Organ  of  tlie  tat  lobule,  66 
ova,  239 

Primordial  follicles,  240 
medullary  cavity,  269 
ova,  239 

Processus  ciliaris,  344 
Proliferation  islands,  260 
Prominentia  si)iralis,  368 
Prox)hase,  29 
Prostate,  234 

blood-vessels  of,  235 
interstitial  tissue  of,  234 
nerves  of,  235 
Prostatic  urethra,  223 
Ih’otoplasm,  18,  19 
Protoy)lasmic  bridges,  43 

demonstration  of,  402 
in  lieart  muscle,  86 
in  intestinal  mucosa,  186 
inclusions,  21 
processes,  97,  99 
Protozoa,  18 
Pseudopodia,  25 
Pulmonary  arterv,  210 
vein,  210 
Pulp  cavity,  156 

of  spieen,  138, 139 
of  tooth,  156 


Purkinje  cells,  100,  295 
Pyloric  glands,  183 
Pyramidal  cells  of  cortex,  100,  292 
tract,  288 

crossed,  283 
ventral,  283 

Pyramids  of  Ferrein,  212 
of  Malpiglii,  212 


”1  )ADIAL  bundles  of  nerve  fibres,  293 
l\j  Kanins  ascendens  of  Ilenle’s  loo]),  213, 
215 

Ramus  descendens  of  Ilenle’s  looj),  213,  215 
Kanvier’s  alcoliol,  386 
cross,  106 
nodes,  105 
Segments,  105 

Rai3hd  of  semicircular  canals,  365 
Kathke’s  duct,  249 
Real  interstitial  lamellie,  75 
Red  blood  corjuiscles,  112 
nucleated,  265 
number  of,  114 
bone  marrow,  265 
muscle,  89 
Reduction  of  chromosomes,  33 
! Reflex  arc,  317 
' Reissner’s  membrane,  367 
! Remak’s  fibres,  109 
Renal  artery,  217 
Re]>roduction,  28 
Rei3roductive  System,  224 
Resxiiratory  broncliioli,  207 
exiitlielium,  207 
System,  206 

Rete  testis  (Ilalleri),  225,  226 
Reticular  tubulär  gland,  49 
Reticulin,  66 
Reticulum,  65 
Retina,  346 

neuro-epitlielial  layer,  348 
Xiigment  slieatli,  347 
Retinal  vessels,  357 
Ripening  of  tlie  egg,  33 
Rod  fibre,  348 
Rods,  348 

Rolando,  gelatinous  substance  of,  279 
Root  canal,  156 
of  hair,  322 
sheath,  324 

Rosenmüller,  organ  of,  246,  248 
Rotation  in  protojilasm,  26 
Rouleaux,  114 
Rufiini’s  corx)uscles,  310 
Rugje  of  Vagina,  263 

O ACCULITS,  364,  3(55 
t J Saccus  endolymx)haticus,  375 
Safranin,  397 
Salivary  corj)uscles,  169 
ducts,  171 
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Salivary  glands,  170,  175 
Sarcoleiimui,  80 
yarco})lasm,  81,  84,  88 
1‘unction  of,  04 
Sarc()})lasmic  discs,  85 
Scala  tympani,  807 
vestibuli,  307 
Schläuche  of  Pflüder,  240 
Schwanii’s  corpuscles,  106 
sheath,  104,  100 
Sclera,  342 

Schaceous  ^lands,  331 
Secondary  bundles  of  muscle  übres,  274 
l)apilhe  of  tougue,  105 
Secretion,  40 

in  intestine,  187 
internal,  40 
Secretory  canals,  174 
capillaries,  51,  174 
in  liver  cells,  196 
oxyntic  cells,  183 
nnit  of  kidney,  216 
of  liver,  200 

Sectioning  of  tissues,  387 
Sections,  344 

Segments  of  Kanvier,  105 
Semen,  227 

Semicircnlar  canals,  365 
Seminal  vesicles,  233 
Seminiferons  tnbnles,  225 
Sense  cells,  307 
Organs,  318 

representation  in  cortex,  201 
Sensory  cerebral  nerves,  nnclei  of,  280 
epithelinm,  37 

nenrones,  periphenil,  origin  of,  111 
nerve-endings,  314 
tract  in  midbrain,  287 
Se])ta  placentrc,  201 
Se])tnla  testis,  224 
Sei)tnni,  dorsal  median,  280 
mediannm  doixile,  280 
ventral  median,  280 
Serial  sections,  204 
Sc  rosa,  205 
Serons  glands,  174 
tnbnles,  172 
Sertoli  cells,  220 
Sexual  Organs,  female,  237 
male,  224 

Shadows  of  blood  cells,  113 
Sliarpey’s  Obres,  70,  204 
Sheath  of  Ilenle,  324 
of  Hnxley,  324 
Sheaths  of  hair  root,  323 
Sliort  rayed  cells,  203 
Signet  ring  cells,  58,  07 
Silent  area  of  the  brain,  291 
Silver  line  of  Frommann,  105 
nitrate  staining,  402 
Simple  branched  tubulär  gland,  48,  49 
epithelinm,  40 

indjranched  alveolar  gland,  49 
tnbnlar  gland,  49 


Sinns  of  brain,  329 
lactiferus,  337 
prostaticns,  235 

terminalis  of  lymph-gland,  136 
Sinnses  of  lymph-gland,  134 
Skeletal  mnscle,  88 
System,  264 
Skin,  318 

blood-vessels,  and  nerves,  335 
Small  glands  of  month  cavity,  176 
granulär  cells  of  cerebellnm,  294 
mononnclear  lencocytes,  115 
pyramidal  cells,  292 
Sinooth  mnscle,  81 

nerve-endings  in,  312 
Solitarv  follicles,  138 

of  intestine,  188 
Space  of  Fontana,  346 
of  Lange,  319 
Spaces,  intervillons,  260 
Spatia  zonularis,  356 
S})ecial  microscopic  techniqne,  401 
Spermatic  ducts,  231 
Spermatids,  230 
Spermatoblasts,  230 
Spermatocytes,  230 
S])erniatogenesis,  229 
Spermatogonia,  229 
Spermatozoon,  227 

develo})inent  of,  229 
Sphincter  ani,  190 

of  common  bile  dnct,  202 
pylori,  184 
Spider  cells,  282 
S})inal  cord,  278 
ganglia,  303 

S})imlle,  Golgi  tendon,  278 
mnscle,  314 
nerve,  316 
Spleen,  138 

blood-vessels  of,  140 
capsule  of,  138 
frame^vork  of,  140 
pnlp  of,  138 
sinnses  of,  142 
Spongioblasts,  350 
Spongy  bone,  74 

snbstance,  80 
Staining  of  sections,  395 
Stains,  acid,  basic,  and  neutral,  116 
Statoliths,  366 
Status  mamillaris,  181 
Stellate  cells  of  v.  Knpffer,  200 
veins  of  Yerheyn,  219 
Stigmata,  43 

Stilling-Clarke,  colninn  of,  279 
Stomach,  180 

blood-vessels  of,  190 
lymph-vessels  of,  191 
nerves  of,  191 
Stomata,  43 

Stratitied  cylindrical  epithelinm,  42 
epithelinm,  41 
Hat  epithelinm,  42 
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Stnituni  corneiim,  320,  321 
cylindriciim,  320 
tibrosum  of  joint  capsule,  267 
germinativum,  320 
graimlosum,  242,  321 
terminale,  85 
lucidum,  321 
Malpighii,  320 

mucosum  of  uterine  muscle,  253 
spinosum,  321 

subserosum  of  uterine  muscle,  253 
supravasculare  of  uterine  muscle,  253 
synoviale  of  joint  capsule,  267 
vasculare  of  uterine  muscle,  253 
zonale,  291 
Stria  vascularis,  368 
Striae  acusticae,  290 
Striated  muscle,  88 

liistogeuesis,  94 
nerve-endings  in,  312 
Striation  of  muscle,  84,  90 
Stroma  of  blood  cell,  113 

of  liiluni  of  lympb-gland,  163 
of  ovary,  136 

Subcliorionic  limiting  ring,  262 
Subcutaneous  tissue,  320 
Sublingual  gland,  176 
Submaxillary  gland,  175 

development  of,  175 
nerves  of,  176 
Submucosa  of  intestine,  189 
of  Oesophagus,  178 
of  oral  mucous  membraue,  155 
Subpapillary  netvv-ork  of  vessels,  335 
Subserous  connective  tissue,  205 
Substantia  adamantia,  160 
eburnea,  157 

gelatinosa  (Rolandi),  279 
grisea  centralis,  280 
lentis,  355 
ossea,  161 

propria  corneae,  341 
Succus  entericus,  188 
prostaticus,  234 
Sulcus  lateralis  dorsalis,  280 
ventral is,  367 
spiralis  extern us,  368 
internus,  367 

Superficial  glands  of  oesophagus,  179 
glia  mass,  286 

Superior  cells  of  auditory  neuro-epithe- 
lium,  366 

eerebellar  peduncle,  289 
Supporting  cells  of  Müller,  352 

of  nasal  mucous  membraue,  379 
of  testis,  229 

Supraradial  uetwork,  293 
Suprarenal  gland,  147 
Sweat  glands,  333 
Sympathetic  ganglia,  302 
nerve  fibres,  109 
nerves,  300 
Synartlirosis,  267 
Synchondrosis,  267 

28 


Syncytium,  22,  88 

of  eliorionic  villus,  259 
Syndesmosis,  267 
Synovia,  268 
Synovial  fluid,  268 
villi,  268 


rpACTbLE  cells  of  Merkel,  307 
; 1 corpuscles  of  Meissner,  309 
of  Merkel,  306 

disc  of  Cxrandry’s  cor})uscle,  308 
liairs,  329 
menisci,  307 
Organ,  318 
Ta?niai  coli,  190 
Tail  of  Spermatozoon,  228 
Tangential  fibres  in  cortex,  291 
Tarsal  glands,  361 
Tarsus,  361 
Tasfe  buds,  381 
bulbs,  166 
Organ  of,  381 
pore,  381 
Tear  sac,  364 
I Teasing  of  tissues,  386 
: Tcchniipie,  microscopic,  383 
Teeth,  156 

development  of,  161 
: Teichmann’s  erystals,  120 
Tela  subcutanea,  319 
' Telse  eliorioidese,  298 
! Telodendria,  99 
Telopliase,  29,  32 
Tendon  cells,  57 
fibres,  57 
spindles,  278 
Tendons,  277 
Tenon’s  lymph-space,  359 
Tensor  chorioidese,  344 
Terminal  bronchus,  208 
Tertiary  bundles  of  muscle  fibres,  274 
j Testes,  224 

j blood-vessels  of,  227 
Tbeca  folliculi,  242 
s Thermotaxis,  27 
Thionin,  397 
Thoma,  ampulla  of,  141 
Thymus,  143 
Thyroid,  144 

framework  of,  146 
Tigroid  bodies,  102,  103 
Tissues,  35 

definition  and  Classification  of,  36 
Tome’s  granulär  sheath,  159 
processes,  164 
Tongue,  164 

muscles  of,  1 67 
j^apillae  of,  164 
I Tonsils,  167 

development  of,  169 
tubal,  376 
Tooth  cavity,  156 

development  of,  161 
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Tooth,  })apilla,  161 
pulp,  156 
sac,  162 

Trabeculaä  of  lympli-gland,  133 
of  spieen,  138,  140 
Traehea,  206 

Tractus  cerebello-spinalis  dorsalis,  283 
cerebro-spinalis  lateralis,  283 
ventralis,  283 
intermediü-lateralis,  279 
solitarius,  290 
Transitional  leucocytes,  115 
Transition  zone  of  stomach,  184 
Trapezoid  body,  290 
Trigeminal  nerve,  290 
Triple  stain  of  Biondi-Elirlich,  398 
Triie  eonnective-tissne  cells,  57 
gastrie  glands,  181 
glands,  46 

Tuba  uterina  Fallopii,  250 
Tubal  tonsils,  376 
Tubulär  glauds,  47,  49 
Tubuli  contorti  testis,  225 
recti  testis,  225,  226 
seniiniferi,  225 
Tubulo-alveolar  gland,  49 
Tunica  adnata,  224 

albuginea  of  corpora  cavernosa,  236 
of  ovarv,  238 
testis,  224 
exterua,  242 
bbrosa  testis,  224 
interna,  242 
serosa,  205 

vaginalis  coininunis,  224 
propria,  224 
vaseulosa  testis,  224 
Tyin  j>anic  cavity,  375 
meinbrane,  376 
Tyson’s  glands,  332 

TTLTRA:\IAR1XE  Wue,  400 
U Unbranclied  alveolar  glands,  49 
tubulär  glands,  49 
Unformed  eonnective  tissue,  63 
Fnieellular  glands,  46 
Unipolar  cells,  99 

transitiou  froni  bijjolar  cells,  101 
Units  ofkidnev  structure,  216 
of  liver,  200 

Uuna’s  elastic  tissue  stain,  404 
Unstriped  inuscle.  See  Sinootli  muscle. 
Ureter,  221 
Urethra,  223 
Urinary  bladder,  221 
]>assages,  221 
System,  212 
Uterus,  251 

blood-vessels  of,  254 
changes  duriug  menstruation,  254 
preguancy,  255 
glauds  of,  253 
lymph-vessels  of,  254 


Uterus  masculinus,  235 
muscle  of,  253 
nerves  of,  254 
Utrieulus,  364,  365 
prostaticus,  235 

T7ACUOLES,  21 
V Vagina,  262 
Valves  of  the  heart,  132 
of  veins,  128 

Valvuhe  eonniventes,  185 
Varicosities  of  nerve  fibres,  306 
Vasa  afferentia  (kidney),  218 
efferentia  (kidney),  218 
testis,  231 
vasorum,  129 
Vas  deferens,  232 

epididymis,  231,  232 
prominens,  368 
Vasoformative  cells,  123 
Vater-Pacini,  corpuscles  of,  311 
Veins,  127 

of  adrenal,  150 
of  spieen,  140 
precapillary,  122 
Vena  porta^,  198 
A'enje  emissariae,  237 
Ventral  column,  280,  282,  283 
gray  commissure,  280 
horn,  279 
median  tissure,  280 
])yramidal  tract,  283 
root,  279 

Ventro-lateral  group  of  motor  cells,  281 
Veutro-mediau  group  of  motor  cells,  281 
Venuke  recta“,  220 
Verheyn,  stillate  veins  of,  219 
Vesicula  gerniinativa,  241 
])rostatica,  235 
seminalis,  233 
^"estibular  glauds,  263 
nerve,  290 
nuclei,  290 

Vestibulum  of  lung,  208 
Villi  of  intestine,  185 
of  |)lacenta,  257 
synovial,  268 
Visual  cells,  348 
Organ,  340 
Vitreous  body,  356 
Immor,  340,  356 
Volkmann’s  canals,  76 
Voluntarv  muscle,  88 

histogenesis  of,  94 

AX7ANDEEING  cells,  60 
\ V Wax  of  ear,  377 
Weber’s  organ,  249 
Weigert-Pal  metliod,  412 
White  blood  corpuscles,  114 
commissure,  280 
connective-tissue  fibrils,  54 
tibrous  cartilage,  73 
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White  fibrous  comiective  tissue,  o4,  63 
matter,  278 
muscle,  89 

substance  of  cerebelhim,  296 
Wirsimg’s  duct,  192 
Wolffian  body,  247 
duct,  247 
Wood’s  metal,  401 

\7EI>LOW  bone  niarrow,  26‘) 

1 elastic  comiective  tissue,  64 
Yolk,  241 


yELLSCinCIlT,  259 
Ai  ZenkeEs  fluid,  390 
Zona  fasciculata,  148 
glomerulosa,  148 
[lectinata,  369 
pellucida,  240 
reticularis,  149 
tecta,  369 

vasculosa  of  ovary,  238 
Zonula  ciliaris,  356 
Zwischenscheibe,  84,  91 
Zymogen  granules,  192 
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EMINENl  AMERICAN  A UTHORITIES.  In  two  octavo  volumes  of  more  than  800 
pages  each,  richly  illustrated  : 

PROSTHETIC  DENTISTRY.  Edited  by  Charles  J.  Essig,  M.D.,  D.D.S., 

Professor  of  Mechanical  Dentistry  and  Metallurgy,  Department  of  Dentistry,  University 
of  Pennsylvania,  Philadelphia.  Second  Edition,  807  pages,  with  1089  engravings. 
Cloth,  $6  ; leather,  $7,  net. 

OPERATIVE  DENTISTRY.  Edited  by  Edward  C.  Kirk,  D.D.S.,  Professor 

of  Clinical  Dentistry,  Department  of  Dentistry,  University  of  Pennsylvania.  Second 
Edition,  857  pages,  897  engravings.  Cloth,  $6.00;  leather,  $7.00,  net. 

ARCHINARD  (P.  E.).  AN  EPITOME  OF  BACTERIOLOGY  AND  MICRO- 
SCOPY.  12mo.,  210  pages,  with  80  illustrations.  Cloth,  $1.00,  net.  Lea’ s Series  of 
Medical  Epitomes.  See  page  10. 

ARNEILL’S  EPITOME  OF  CLINICAL  DIAGNOSIS  AND  URINALYSIS. 
Lea’ s Series  qf  Medical  Epitomes.  See  page  10. 

ASHHURST  (JOHN,  JR.).  THE  PRINCIPLES  AND  PRACTICE  OF  SUR- 
GERY.  For  the  use  of  Students  and  Practitioners.  Sixth  and  revised  edition.  In  one 
8vo.  volume  of  1161  pages,  with  656  engravings.  Cloth,  $6 ; leather,  $7. 

A TREATISE  ON  SURGERY  BY  AMERICAN  AUTHORS.  FOR  STUDENTS 
AND  PRACTITIONERS  OF  SURGERY  AND  MEDICINE.  Edited  by  Eos- 
well Park,  M.D.  Third  edition.  Octavo,  1408  pages,  with  692  engravings  and  64 
plates.  Cloth,  $7.00,  net;  leather,  $8.00,  net.  ß@“Published  also  in  2 volumes  : Vol.  I., 
General  Surgery;  Vol.  II.,  Special  or  Regional  Surgery.  Per  volume,  cloth,  $3.75,  net; 
leather,  $4.75,  net. 

ATTFIELD  (JOHN).  CHEMISTRY ; GENERAL,  MEDICAL  AND  PHAR- 
MACEUTICAL.  Sixteenth  edition,  specially  revised  by  the  Author  for  America. 
In  one  handsome  12mo.  volume  of  784  pages,  with  88  illustrations.  Cloth,  $2.50,  net. 


Philadelphia,  706,  708  and  710  Sansom  St. — New  York,  111  Fifth  Avenue. 


LEA  BROTHERS  & CO.'S  P U B L I C A T 1 0 N S . 


3 


BACON  (GORHAM).  ON  THE  EÄR.  Third  Edition.  One  12mo.  volume,  430 
pages,  with  120  engravings  and  7 colored  plates.  Cloth,  $2.25,  net. 

BALLENGER  (W.  L.)  AND  WIPPERN  (A.  G.).  A POCKET  TEXT-BOOK 
OF  DISEASES  OF  THE  EYE,  EAR,  NOSE  AND  THROAT.  12mo.,  525 
pages,  with  148  illustrations,  and  6 colored  plates.  Cloth,  $2,  net.  Flexible  red  leather, 
$2.50,  net. 

BARNES  (ROBERT  AND  FANCOURT).  A SYSTEM  OF  OBSTE  TRIO  MED- 
IO INE  AND  SURGERY.  Octavo,  872  pages,  231  illustrations.  Cloth,  $5. 

BARTHOLOW  (ROBERTS).  CHOLERA;  ITS  CAUSATION,  PREVENTION 
AND  TREATMENT.  12mo.,  127  pages,  with  9 illustrations.  Cloth,  $1.25. 

BERGMANN’S  SURGERY.  See  Von  Bergmann. 

BILLINGS  (JOHN  S.).  THE  NATIONAL  MEDICAL  DICTIONARY.  Includ- 
ing  in  one  alphabet  English,  French,  German,  Italian  and  Latin  Technical  Terms  used  in 
Medicine  and  the  Collateral  Sciences.  In  tw'O  imperial  octavo  volumes,  containing  1574 
pages  and  two  colored  plates.  Per  vol.,  leather,  $7.  Specimen  pages  on  application. 

BLACK  (D.  CAMPBELL).  THE  URINE  IN  HEALTH  AND  DISEASE, 
AND  URINARY  ANALYSIS,  PHYSIOLOGICALLY  AND  PATHOLOGI- 
CALLY  CONSIDERED.  12mo.,  256  pages,  73  engravings.  Cloth,  $2.75. 

BLOODGOOD  (JOSEPH  C.).  SURGICAL  PATHOLOGY  AND  DIAGNOSIS. 
Octavo  about  1000  pages,  with  many  engravings  and  plates  in  black  and  colors.  Preparing. 

BLOXAM  (C.  L.).  CHEMISTRY,  INORGANIC  AND  ORGANIC.  With 
Experiments.  New  American  from  the  fifth  London  edition.  In  one  handsome  octavo 
volume  of  727  pages,  with  292  illustrations.  Cloth,  $2;  leather,  $3. 

BREWER  (GEORGE  E.)  A TEXT-BOOK  OF  THE  PRINCIPLES  AND 
PRACTICE  OF  SURGERY.  Octavo,  700  pages,  with  280  engravings  and  7 plates. 
Cloth,  $4.00;  leather,  $5.00,  net;  half  morocco,  $5.50,  net. 

BRUCE  (J.  MITCHELL).  MATERIA  MEDICA  AND  THERAPEUTICS. 
Sixth  edition.  In  one  12mo.  volume  of  600  pages.  Cloth,  $1.50,  net. 

Student}^  Series  of  Manuals.  Page  15. 

PRINCIPLES  OF  TREATMENT.  In  one  octavo  volume  of  625  pages.  Cloth, 

$3.75,  net. 

BRYANT  (THOMAS).  THE  PRACTICE  OF  SURGERY.  Fourth  edition. 
Octavo,  1040  pages,  with  727  illustrations.  Cloth,  $6.50;  leather,  $7.50. 

BULL’S  SYSTEM  OF  SURGERY.  See  Von  Bergmann. 

BURCHARD  (HENRY  H.).  DENTAL  PATHOLOGY.  New  (2d)  edition,  thor- 
oughly  revised  by  Otto  E.  Inglis,  D.D.S.  In  one  octavo  volume  of  about  600  pages, 
with  about  450  engravings.  Shortly. 

BURNETT  (CHARLES  H.).  A TREATISE  ON  THE  EAR.  Second  edition. 
8vo.,  580  pages,  with  107  illustrations.  Cloth,  $4 ; leather,  $5. 

CARTER  (R.  BRUDENELL)  AND  FROST  (W.  ADAMS).  OPHTHALMIC 
SURGERY.  In  one  pocket-size  12mo.  volume  of  559  pages,  with  91  engravings  and 
one  plate.  Cloth,  $2.25.  See  Series  of  Clinical  Manuals,  page  13. 

CASPARI  (CHARLES,  JR.).  A TREATISE  ON  PHARMACY.  For  Students 
and  Pharmacists.  Second  edition.  Revised  and  enlarged.  Octavo,  774  pages,  with 
302  illustrations.  Cloth,  $4.25,  net. 


Philadelphia,  706,  708  and  710  Sansom  St,— New  York,  111  Fifth  Avenue. 


4 


LEA  BROTHERS  & CO.'S  PUBLiCATIOHS 


CHAPMAN  (HENRY  C.).  HUMAN  PHYSIOLOGY.  Second  edition.  Octavo, 
921  pages,  with  595  illustrations.  Cloth,  |4.25 ; leather,  |5.25,  net. 

CHARLES  (T.  CRANSTOUN).  PHYSIOLOGIÖAL  AND  PATHOLOGICAL 
CHEMISTRY.  Octavo,  451  pages,  with  38  engravings  and  1 colored  plate. 
Cloth,  $3.50.  ^ 

CHEYNE  (W.  WATSON)  AND  BURGHARD  (F.  F.).  SURGIGAL  TREAT- 
MENT. In  seven  octavo  cloth  boimd  volumes,  comprising  2883  pages,  with  827  engrav- 
ings. Volume  I,  $3.00,  net.  Volume  II,  $4.00,  net.  Volume  III,  $3.50,  net.  Volume 
IV.,  $3.75,  net.  Volume  V,  $5.00,  net.  Vol.  VI,  $5.00,  net.  Volume  VII,  $5.75,  net. 
Complete  Avork,  $30.00,  net. 

OLELAND  (JOHN).  A DIRECTORY  FOR  THE  DISSECTION  OF  THE 
HUMAN  BODY.  In  one  12mo.  volume  of  178  pages.  Cloth,  $1.25. 

CLOUSTON  (THOMAS  S.).  CLINICAL  LECTURES  ON  MENTAL  DIS- 
EASES. New  (6th)  edition.  Crown  8vo.,  of  about  750  pages,  with  about  20  colored 
plates.  Ready  Shortly. 

COAKLEY  (CORNELIUS  G.).  DISEASES  OF  THE  NOSE,  THROAT,  NASO- 
PHARYNX  AND  TRACHEA.  Second  edition.  12mo.,  556  pages,  with  103  engrav- 
ings, and  4 colored  plates.  Cloth,  $2.75,  net. 

COATS  (JOSEPH).  A TREATISE  ON  PATHOLOGYy,  Octavo,  829  pages,  with 
339  engravings.  Cloth,  $5.50 ; leather,  $6.50. 

COLEMAN  (ALFRED).  A MANUAL  OF  DENTAL  SURGERY  AND  PATH- 
OLOGY.  Octavo,  412  pages,  with  331  engravings.  Cloth,  $3.25. 

COLLINS  (C.  F.)  AND  (DAVIS  F.).  POCKET  TEXT-BOOK  OF  DIAGNOSIS. 
12mo. , about  350  pages.  Shortly.  LeE  s Series  of  Pocket  Text-Books.  See  page  12. 

COLLINS  (H.  D.)  AND  ROCKWELL  (W.  H.,  JR.).  A POCKET  TEXT- 
BOOK  OF  PHYSIOLOGY.  12mo.,  of  316  pages,  with  153  illustrations.  Cloth, 
$1.50,  net;  flexible  leather,  $2.00,  net.  Lea’ s Series  of  Pocket  Text-Books.  See  page  12. 

CONDIE  (D.  FRANCIS).  A PR  AC  TIC  AL  TREATISE  ON  THE  DISEASES 
OF  CHILDREN.  Sixth  edition.  8vo.  719  pages.  Cloth,  $5.25 ; leather,  $6.25. 

CORNIL  (V.).  SYPHILIS:  ITS  MORBID  ANATOMY,  DIAGNOSIS  AND 
TREATMENT.  Translated,  by  J.  Henry  C.  Simes,  M.D.,  and  J.  William  White, 
M.D.  8vo.  461  pages,  with  84  illustrations.  Cloth,  $3.75. 

CROCKETT  (M.  A.).  A POCKET  TEXT-BOOK  OF  DISEASES  OF 
WOMEN.  12mo.  of  368  pages,  with  107  illustrations.  Cloth,  $1.50,  net.  Flexible 
Red  Leather,  $2,00,  net.  Lea’s  Series  of  Pocket  Text-Books.  Page  12. 

CROOK  (JAMES  K.).  MINERAL  WATERS  OF  UNITED  STATES.  Octavo, 
574  pages.  Cloth,  $3.50,  net. 

CULBRETH  (DAVID  M.  R.).  MATERIA  MEDICA  AND  PHARMACOLOGY. 
Third  edition.  Octavo,  905  pages,  with  473  engravings.  Cloth,  $4.75,  net. 

CUSHNY  (ARTHUR  R.)  PHARMACOLOGY  AND  THERAPE  UTICS.  Third 
edition.  Octavo  of  750  pages,  with  52  illustrations.  Cloth,  $3.75  ; leather,  $4.75,  net. 

DALTON  (JOHN  C.).  A TREATISE  ON  HUMAN  PHYSIOLOGY.  Seventh 
edition,  thoroughly  revised.  Octavo  of  722  pages,  with  252  engravings.  Clofh,  $5 ; 
leather,  $6. 
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D ALTON  (JOHN  C.).  DOCTBINES  OF  THE  GIBCULATION  OF  THE 
BLOOD.  ln  one  handsome  12mo.  volume  of  293  pages.  Cloth,  $2. 

DAVENPORT  (F.  H.).  DISEASES  OF  WO  MEN.  Fourth  edition.  12mo.,  402 
pages  and  154  engravings.  Cloth,  $1.75,  net. 

DAVIS  (F.  H.).  LECTUBES  ON  CLINICAL  MEDICINE.  Second  edition.  ln 
one  12mo.  volume  of  287  pages.  Cloth,  $1.75. 

DAVIS  (EDWARD  P.).  A TBEATISE  ON  OBSTETBICS.  New  (2d)  and 
thoroughly  revised  edition.  Octavo,  800  pages,  with  274  engravings,  and  39  full-page 
plates  in  colors  and  monochrome.  Cloth,  $5.00,  net;  leather,  $6.00,  net.  Just  ready. 

DAYTON’S  EPITOME  OF  THE  PB  ACTICE  OF  MEDICINE.  LeJs  Series  of 
Medical  Epitomes.  See  page  10. 

DE  LA  BECHE’S  GEOLOOICAL  OBSEB  VEB.  In  one  large  octavo  volume  of  700 
pages,  with  300  engravings.  Cloth,  $4. 

DE  SCHWEINITZ  (GEORGE  E.).  THE  TOXIC  AMBLYOPIAS.  Very  hand- 
some octavo,  240  pages,  46  engravings,  and  9 full-page  plates  in  colors.  De  luxe  bind- 
ing,  $4,  net. 

DRAPER  (JOHN  C.).  MEDICAL  PHYSICS.  A Text-book  for  Students  and  Prac- 
titioners  of  Medicine.  Octavo  of  734  pages,  with  376  engravings.  Cloth,  $4. 

DRUITT  (ROBERT).  THE  PBINCIPLES  AND  PB  ACTICE  OF  MODEBN 
SUBGEBY.  From  the  twelfth  London  edition,  edited  by  Stanley  Boyd,  F.R.C.S. 
Large  octavo,  965  pages,  with  373  engravings.  Cloth,  $4;  leather,  $5. 

DUANE  (ALEXANDER).  A DICTIONABY  OF  MEDICINE  AND  THE 
ALLIED  SCIENCES.  Comprising  the  Pronunciation,  Derivation  and  Full  Explan- 
ation of  Medical,  Dental,  Pharmaceutical  and  Veterinary  Terms.  Togetherwith  much 
Collateral  Descriptive  Matter,  Numerous  Tables,  etc.  Fourth  edition,  with  appendix. 
Square  octavo  volume  of  688  pages  with  8 colored  plates  and  thumb  Index.  Cloth, 
$3.00,  net;  limp  leather,  $4.00,  net. 

DÜDLEY  (E.  C.).  PBINCIPLES  AND  PBACTICE  OF  GYNECOLOGY.  New 
(fourth)  edition,  thoroughly  revised.  Octavo,  770  pages,  with  420  engravings,  of  which 
50  are  colored,  and  16  full-page  plates  in  colors  and  monochrome.  Cloth,  $5.00,  net; 
leather,  $6.00,  net;  half  morocco,  $6.50,  net. 

DUNGLISON(ROBLEY).  A DICTIONABY  OF  MEDICAL  SCIENCE.  ILLUS- 
TBA  TED.  Containing  a full  Explanation  of  the  Various  Subjects  and  Terms  of  Anatomy, 
Physiology  Medical  Chemistry,  Pharmacy,  Pharmacology,  Therapeutics,  Medicine, 
Hygiene,  Dietetics,  Pathology,  Surgery,  Ophthalmology,  Otology,  Laryngology,  Derma- 
tology,  Gynecology,  Obstetrics,  Pediatrics,  Medical  Jurisprudence,  Dentistry,  Veterinary 
Science,  etc.,  etc.  By  Robley  Dunglison,  M.D.,  LL.D.,  late  Professor  of  Institutes  of 
Medicine  in  the  Jefferson  Medical  College  of  Philadelphia.  New  (twenty-third ) edition, 
thoroughly  revised  by  Thomas  L.  Stedman,  M.D.,  Member  of  the  New  York  Academy 
of  Medicine,  etc.  Imperial  octavo  of  1220  pages,  with  577  illustrations,  including  84 
plates  in  colors  and  black.  Thumb-1  etter  Index.  Cloth,  $8.00,  net;  leather,  $9.00,  net; 
half  morocco,  $9.50,  net.  Just  ready.  ’ 

DUNHAM  (EDWARD  K.).  MOBBID  AND  NOBMAL  HISTOLOGY.  Octavo, 
450  pages,  with  360  illustrations.  Cloth,  $3.25,  net. 

DUNHAM  (EDWARD  K.).  NOBMAL  HISTOLOGY.  New  (third)  and  revised 
edition.  Octavo,  334  pages,  with  260  illustrations.  Cloth,  $2.75,  net.  Just  ready. 
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^ WIGHT  (E.  W.).  AN  EPITOME  OE  MEDICAL  JURISPRUDENCE.  12mo., 
^41  pages.  Cloth,  $1.00,  net.  Lea’s  Series  of  Aledical  Epitomes.  See  page  10. 

AN  EPITOME  OF  TOXICOLOGY.  12mo.,  about  225  pages.  Cloth,  $1.00, 

net.  Leo’ s Series  of  Medical  Epitomes.  See  page  10. 

ECKLEY  (WILLIAM  T.).  A GUIDE  TO  DISSECTION  OF  THE  HUMAN 
BODY.  Octavo,  400  pages,  with  220  large  engravings  in  black  and  colors.  Cloth, 
$3.50,  net. 

REGIONAL  ANATOMY  OF  THE  HEAD  AND  NECK  FOR  STUDENTS 

AND  PRACTITIONERS.  Octavo,  240  pages,  with  36  engravings  and  20  plates  in 
black  and  colors.  Cloth,  $2.50,  net. 

EDES  (ROBERT  T.).  TEXT-BOOK  OF  THERAPEUTIGS  AND  MATEBIA 
MEDICA.  In  one  8vo.  volume  of  544  pages.  Cloth,  $3.50 ; leather,  $4.50. 

EDIS  (ARTHUR  W.).  DISEASES  OF  W03IEN.  8vo.,  576  pages,  with  148 
engravings.  Cloth,  $3  ; leather,  $4. 

EGBEET  (SENECA).  HYGIENE  AND  SANITATION.  Third  edition.  In  one 
12mo.  volume  of  467  pages,  with  86  illustrations.  Cloth,  $2.25,  net. 

ELLIS  (GEORGE  VINER).  DE3IONSTRATIONS  IN  ANAT03IY.  Eighth 
edition.  Octavo,  716  pages,  with  249  engravings.  Cloth,  $4.25 ; leather,  $5.25. 

EMMET  (THOMAS  ADDIS).  THE  PRINCIPLES  AND  PBACTICE  OF 
G YNjECOLOGY.  For  the  use  of  Students  and  Practitioners.  Third  edition,  enlarged 
and  revised.  8vo.  of  880  pages,  with  150  original  engravings.  Cloth,  $5 ; leather,  $6. 

ERICHSEN  (JOHN  E.).  THE  SCIENCE  AND  ART  OF-SUBGERY.  From 
the  eighth  enlarged  and  revised  London  edition.  In  two  large  octavo  volumes  containing 
2316  pages,  with  984  engravings.  Cloth,  $9;  leather,  $11. 

ESSIG  (CHARLES  J.).  PROSTHETIG  DENTISTBY.  Second  edition.  See 
American  Text-hooks  of  Dentistry,  page  2. 

ESSIG(C.  J.)  ANDKOENIG(AUGUSTUS).  DENTAL  3IETALLURGY.  New 
(fifth)  edition,  tlioroughly  revised.  12mo.,  318  pages  with  76  engravings.  Cloth, 
$2,00,  net 

EVANS  (DAVID  J.).  A POCKET  TEXT-BOOK  OF  OBSTETRIGS.  12mo. 
of  409  pages,  with  148  illustrations.  Cloth,  $1.75,  net;  limp  leather,  $2.25,  net.  Leofs 
Series  of  Pocket  Text-Books.  Page  12. 

EWING  (JAMES).  A PRAGTIGAL  TREATISE  ON  THE  BLOOD.  Second 
edition.  Octavo,  492  pages,  with  43  engravings  and  18  full-page  colored  plates.  Cloth, 
$3.50,  nei. 

FARQUHARSON  (ROBERT).  A GUIDE  TO  THERAPEUTIGS.  Fourth 
edition,  revised  by  Frank  Woodbury,  M.D.  12mo.,  581  pages.  Cloth.  $2.50. 

FERGUSON’S  EPITOME  OF  THE  NOSE  AND  THROAT.  LeF s Series  of  3Ied- 
icai  Epitomes.  See  page  10. 

FIELD  (GEORGE  P.).  A MANUAL  OF  DISEASES  OF  THE  EAR.  Fourth 
edition.  Octavo,  391  pages,  with  73  engravings  and  21  colored  plates.  Cloth,  $3.75. 

FINDLEY  (PALMER  D.).  A TREATISE  ON  GYNMCOLOGICAL  DIAG- 
NO  SIS.  Octavo,  493  pages,  210  engravings,  45  plates  in  black  and  colors  Cloth, 
$4.50;  leather,  $5.50,  net. 

FLINT  (AUSTIN).  A TREATISE  ON  THE  PRINCIPLES  AND  PRAGTIGE 
OF  MEDIGINE.  Seventh  edition,  thoroughly  revised  by  Frederick  P.  Henry,  M.D. 
In  one  large  8vo.  volume  of  1143  pages,  with  engravings.  Cloth,  $5 ; leather,  $6. 
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FLINT  (AUSTIN).  Ä PBACTICAL  TBEATISE  ON  THE  HE  ABT.  Second 
editiorij  enlarged.  Octavo,  550  pages.  Cloth,  $4. 

MEDICAL  ESSA  YS.  In  one  12mo.  volume  of  210  pages.  Cloth,  $1.38. 

ON  PHTHISIS.  In  one  8vo.  volume  of  442  pages.  Cloth,  $3.50. 

FORMUL  AR  Y,  THE  NATIONAL.  See  National  Dispemolory.  Page  14. 

FORMULARY,  POCKET.  Fifth  edition.  See  page  1.  $1.50,  net. 

FOSTER  (MICHAEL).  A TEXT-BOOK  OF  PHYSIOLOOY.  Sixth  and  revised 
edition.  Octavo,  923  pages,  with  257  illustrations.  Cloth,  $4.50 ; leather,  $5.50. 

FOTHERGILL  (J.  MILNER).  HAND-BOOK  OF  TBEATMENT.  Third  edition. 
Octavo,  664  pages.  Cloth,  $3.75;  leather,  $4.75. 

FOWNES  (GEORGE).  A MANUAL  OF  ELEMENTABY  CHEMISTBY. 
Twelfth  edition.  Embodying  Watts’  Physical  and  Inorganic  Chemistry.  Royal  12mo., 
1061  pages,  with  168  engravings,  and  1 colored  plate.  Cloth,  $2.75. 

FRANKLAND  (E.)  AND  JAPP  (F.  R.).  INOBQANIC  CHEMISTBY.  Octavo, 
677  pages,  with  51  engravings  and  2 plates.  Cloth,  $3.75;  leather,  $4.75. 

FÜLLER  (EUGENE).  DISOBDEBS  OF  THE  SEXUAL  OBGANS  IN  THE 
MALE.  Octavo,  238  pages,  with  25  engravings  and  8 plates.  Cloth,  $2. 

GALLAUDET  (BERN  B.).  A POCKET  TEXT-BOOK  OF  SUBOEBY. 
12mo.  of  about  500  pages,  with  many  illustrations.  In  Press.  Lea’  s Series  of  Pocket 
Text-Books.  Page  12. 

GANT  (FREDERICK  JAMES).  THE  STUDENT’S  SUBOEBY.  A Multum  in 
Parvo.  In  one  square  octavo  volume  of  845  pages,  with  159  engravings.  Cloth,  $3.75. 

GAYLORD  (HARVEY  R.)  AND  ASCHOFF  (LUDWIG).  PATHOLOGICAL 
HISTOLOOY.  With  introductory  note  by  William  H.  Welch,  M. D.  Quarto,  354 
pages,  with  81  engravings  and  40  full-page  plates.  Cloth,  $7.50,  net. 

GERRISH  (FREDERIC  H.).  A TEXT-BOOK  OF  ANATOMY.  By  American 
Authors.  Edited  by  Frederic  H.  Gerrish,  M.D.  Second  edition.  Imp.  octavo, 
937  pages,  with  1003  illustrations  in  black  and  colors.  Cloth,  $6.50  ; sheep,  $7.50,  net; 
half  morocco,  $8.00,  net. 

GIBBES  (HENEAGE).  PBACTICAL  PATHOLOGY  AND  MOBB  ID  HIS- 
TOLOG  Y.  Octavo  of  314  pages,  with  60 illustrations,  mostly  photographic.  Cloth,  $2.75. 

GRAY  (HENRY).  ANATOMY,  DESCBIPTIVE  AND  SUBGICAL.  Fifteenth 
edition,  thoroughly  revised.  In  one  imperial  octavo  volume  of  1249  pages,  with  780  large 
and  elaborate  engravings.  Price  with  illustrations  in  colors,  cloth.  $6.25,  net]  leather, 
$7.25,  net.  Price,  with  illustrations  in  black,  cloth,  $5.50 ; leather,  $6.50,  net. 

GRAYSON  (CHARLES  P.).  DTSEASES  OF  THE  THBOAT  NOSE,  AND 
ASSOCIATED  AFFECTIONS  OF  THE  EAB.  Octavo,  548  pages,  with  129  engrav- 
ings and  8 plates  in  colors  and  monochrome.  Cloth,  $3.50,  net. 

GREEN  (T.  HENRY).  PATHOLOGY  AND  MOBBID  ANATOMY.  Ninth 
revised  edition.  Octavo,  565  pages,  with  339  engravings  and  4 colored  plates.  Cloth, 
$3.25,  net. 

GREENE  (WILLIAM  H.).  MEDICAL  CHEMISTBY.  12mo.,  310  pages,  with 
74  illustrations.  Cloth,  $1.75.  ^ 

GRINDON  (JOSEPH).  A POCKET  TEXT-BOOK  OF  SKIN  DISEASES 
12mo.  of  367  pages,  with  39  illustrations.  Cloth,  $2.00;  flexible  leather,  $2.50  net. 
Lea! s Series  of  Pocket  Text-Books.  Page  12.  ’ 
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GROSS  (SAMUEL  D.).  THE  UEINÄRY  BLADDER,  THE  PROSTÄTE 
GLÄNI)  AND  THE  URETHRA,  Third  edition,  revised  by  Samuel  W.  Gross, 
M.D.  Octavo  of  574  pages,  with  170  illustrations.  Cloth,  $4.50. 

GUENTHER  (A.  E.  AND  T.  C.).  AN  EFITOME  OF  PHYSIOLOGY.  12mo., 
225  pages,  illustrated.  Cloth,  $1.00,  net.  Lea’s  Series  of  Medical  Epitomes.  See  page  10. 

HABERSHON  (S.  0.).  DISEASES  OF  THE  ABD03IEN,  Second  American  from 
the  third  English  edition.  Octavo,  554  pages,  with  11  engravings.  Cloth,  $3.50. 

HALE  (HENRY  E.).  AN  EPITOME  OF  ANATOMY.  12mo.,  389  pages,  71 
engravings.  Cloth,  $1.00,  Leo’ s Series  of  Medical  Epitomes.  See  page  10. 

HALL  (WINFIELD  S.).  TEXT-BOOK  OF  PHYSIOLOGY.  Octavo,  672  pages, 
with  343  engravings  and  6 colored  plates.  Cloth,  $4.00,  net;  leather,  $5.00,  net. 

HAMILTON  (ALLAN  McLANE).  NERVOUS  DISEASES.  Second  and  revised 
edition.  Octavo,  598  pages,  with  72  engravings.  Cloth,  $4. 

HAMILTON  (MILDRED  M.).  A POCKET  TEXT-BOOK  OF  MASSAGE. 
12mo,  aboiit  4(30  pages,  illustrated.  Preparing.  Leeds  Series  of  Pocket  Text-Books.  See 
page  12. 

HARDAWAY  (W.  A.).  MANUAL  OF  SKIN  DISEASES.  Second  edition. 
12mo.,  560  pages  with  40  illustrations  and  2 colored  plates.  Cloth,  $2.25,  net. 

HARE  (HOBART  AMORY).  A TEXT-BOOK  OF  PRACTIGAL  THERAPEU- 
TICS,  with  Special  Reference  to  the  Application  of  Remedial  Measures  to  Disease  and 
their  Employment  upona  Rational  Basis.  Ninth  revised  edition.  Octavo,  851*  pages, 
105  engravings,  4 colored  plates.  Cloth,  $4.00,  net;  leather,  $5.00,  net;  half  morocco, 
$5.50,  net. 

PRACTICAL  DIAGNOSIS.  The  Use  of  Symptoms  in  the  Diagnosis  of  Dis- 
ease. Fifth  edition,  revised  and  enlarged.  Octavo,  727  pages,  with  236  engravings, 
and  25  full- page  plates.  Cloth,  $5.00  ; leather,  $6.00  ; half  morocco,  $6.50,  net. 

Editor.  A SYSTEM  OF  PRACTIGAL  THERAPEUTICS.  By  American 

and  Foreign  Authors.  Second  edition.  In  three  large  octavo  volumes  containing  2593 
pages,  with  457  engravings  and  26  full-page  plates.  Price  per  volume,  cloth,  $5.00, 
net;  leather,  $6.00,  net;  half  morocco,  $7.00,  net.  For  sale  by  suhscription  only.  Full 
prospectus  free  on  application  to  the  publishers. 

ON  THE  MEDICAL  COMPLICATIONS  AND  SEQUEL^  OF  TYPHOID 

FEVER.  Octavo,  276  pages,  21  engravings,  and  2 full-page  plates.  Cloth,  $2.40,  net. 

HARRINGTON  (CHARLES).  A TREATISE  ON  PRACTICAL  HYGIENE. 
Second  edition.  Handsome  octavo  of  755  pages,  with  113  engravings  and  12  plates  in 
colors  and  monochrome.  Cloth,  $4.25,  net. 

HARTSHORNE  (HENRY).  A CONSPEGTUS  OF  THE  MEDICAL  SCIENCES. 
Comprising  Manuals  of  Anatomy,  Physiology,  Chemistry,  Materia  Medica,  Practice  of 
Medicine,  Surgery  and  Obstetrics.  Second  edition.  12mo.,  1028  pages,  with  477  illustra- 
tions. Cloth,  $4.25  ; leather,  $5. 

HAYDEN  (JAMES  R.).  A POCKET  TEXT-BOOK  OF  VENEREAL  DIS- 
EASES. Third  edition.  In  one  12mo.  volume  of  304  pages,  with  66  engravings. 
Cloth,  $1.75,  net.  ; Flexible  red  leather,  $2.25,  net.  Lea’s  Series  of  Pocket  Text-Books. 
See  page  12. 

HAYEM  (GEORGES)  AND  HARE  (H.  A.).  PHYSIGAL  AND  NATURAL 
THERAPEUTICS.  Heat,  Electricity,  Climate  and  Mineral  Waters.  Edited  bj 
H.  A.  Hake,  M.D.  Octavo,  414  pages,  with  113  engravings.  Cloth,  $3. 

HERMAN  (G.  ERNEST).  FIRST  LINES  IN  MIDWIFERY.  12mo.,  198  pages, 
with  80  engravings.  Cloth,  $1.25.  Studentd  Series  of  Manuals.  See  page  15. 

HERMANN  ( L. ) . EXPERIMENTA L PHARMA  GOLOGY.  A Hand-Book  of  the 
Methods  for  Determining  the  Physiological  Actions  of  Drugs.  Translated  by  Robert 
Meade  Smith,  M.D.  12mo.,  199  pages,  with  32  engravings.  Cloth,  $1.50. 
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HERRICK  (JAMES  B.).  ^ HANDBOOK  OF  DIÄONOSIS.  In  one  handsome 
12mo.  volume  of  429  pages,  with  80  engravings  and  2 colored  plates.  Cloth,  $2.50. 

HERTER  (C.  A.).  LECTUBES  ON  CHEMICAL  PA2EOLOGY.  In  one 
12  mo.  volume  of  454  pages.  Cloth,  $1.75,  net. 

HILL  (BERKELEY).  SYPHILIS  AND  LOCAL  CONTAGIO  US  DISOBDERS. 
ln  one  8vo.  volume  of  479  pages.  Cloth,  $3.25. 

HILLIER  (THOMAS).  A HANDBOOK  OF  SEIN  DISEASES.  Second  editior. 
ln  one  royal  12mo.  volume  of  353  pages,  with  two  plates.  Cloth,  $2.25. 

HIRST  (BARTON  C.)  AND  PIERSOL  (GEORGE  A.).  HUMAN  MONSTROS- 
ITIES.  Magnilicent  folio,  containing  220  pages  of  text  and  illustrated  with  123  engrav- 
ings and  39  large  photographic  plates  from  nature.  ln  four  parts,  price  each,  $5. 

HOBLYN  (RICHARD  D.).  A DICTIONARY  OF  THE  TERMS  USED  IN 
MEDICINE  AND  THE  COLLATERAL  SCIENCES.  Thirteenth  edition.  In 
one  12mo.  volume  of  845  pages.  Cloth,  $3.00,  net. 

HOLLIS’  EPITOME  OF  MEDICAL  DIA  GNOSIS.  Lea’s  Series  of  Medical  Epitomes. 
See  page  10. 

HOLMES  (TIMOTHY).  A TREATISE  ON  SURGERY.  Fifth  edition.  Octavo, 
1008  pages,  with  428  engravings.  Cloth,  $6 ; leather,  $7 . 

A SYSTEM  OF  SURGERY.  Edited  by  John  H.  Packard,  M.D.  In  three 

8vo.  volumes,  3137  pages,  979  engravings,  13  plates.  Per  volume,  Cloth,  $6. 

HUNTINGTON  (GEORGE  S.).  ABDOMINAL  ANATOMY.  Imperial  quarto, 
590  pages,  including  300  full-page  plates.  De  luxe  edition,  $10.00,  net. 

HYDE  (JAMES  NEVINS)  AND  MONTGOMERY  (FRANK  H.).  A PRAC- 
TICAL  TREATISE  ON  DISEASES  OF  THE  SEIN.  Sixth  edition,  thoroughly 
revised.  Octavo,  832  pages,  with  107  engravings  and  27  full-page  plates,  9 of  which 
are  colored.  Cloth,  $4.50,  net ; leather,  $5.50,  net ; half  morocco,  $6.00,  net. 

JACKSON  (GEORGE  THOMAS).  THE  READY-BEFERENCE  HANDBOOK 
OF  DISEASES  OF  THE  SEIN.  Fourth  edition.  12mo.  volume  of  617  pages, 
with  82  engravings,  and  3 colored  plates.  Cloth,  $2.75,  net. 

JAMIESON  (W.  ALLAN).  DISEASES  OF  THE  SEIN.  Third  edition.  Octavo, 
656  pages,  with  1 engraving  and  9 double-page  chromo-lithographic  plates.  Cloth,  $6. 

JEWETT  (CHARLES).  ESSENTIALS  OF  OBSTETRICS.  Second  edition. 
12mo.,  385  pages,  with  80  engravings  and  5 colored  plates.  Cloth,  $2.25,  net. 

THE  PRACTICE  OF  OBSTETRICS.  By  American  Authors.  Second  edition. 

One  octavo  volume  of  775  pages,  with  445  engravings  in  black  and  colors,  and  35 
full-page  colored  plates.  Cloth,  $5.00;  leather,  $6.00;  half  morocco,  $6.50. 

JULER  (HENRY).  A HANDBOOK  OF  OPHTHALMIC  SCIENCE  AND 
PRACTICE.  Third  edition.  Octavo,  733  pages,  with  190  engravings,  25  plates,  Test- 
types  and  Color-Blindness  Test.  Cloth,  $5.25,  net. 

KELLY  (A.  0.  J.)  A MANUAL  OF  THE  PRACTICE  OF  MEDICINE. 
Octavo,  about  600  pages,  illustiated.  Preparing. 

KIEPE  (EDWARD  J.).  EPITOME  OF  MATERIA  MEDICA  AND  THEBA- 
PEUTICS.  Lea’s  Series  of  Medical  Epitomes.  See  page  10. 

KING  (A.  F.  A.).  A MANUAL  OF  OBSTETRICS.  Ninth  edition.  In  one 
12mo.  volume  of  629  pages,  with  275  illustrations.  Cloth,  $2.50,  net. 

KIRK  (EDWARD  C.).  OPERATIVE  DENTISTRY.  Second  edition.  See 
American  Text-books  of  Dentistry,  page  2. 

KLEIN  (E.).  ELEMENTS  OF  HISTOLOGY.  Fifth  edition.  In  one  pocket-size 
12mo.  volume  of  506  pages,  with  296  engravings.  Cloth,  $2.00,  net.  Students’  Series  of 
Manuals.  Page  15. 

KOPLIK  ( HENRY ) . DISEASES  OF  INFA NC Y AND  CHILDHO OD.  Octavo, 
675  pages  with  169  engravings  and  32  plates  in  black  and  colors.  Cloth,  $5.00  ; leather, 
$6.00,  net. 
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LANDIS  (HENRY  G.).  THE  MANAGEMENT  OF  LABOR.  In  one  handsome 
12mo.  volume  of  329  pages,  witli  28  illustrations.  Cloth,  |1.75. 

LEA  (HENRY  C.).  CHAPTERS  FROM  THE  RELIGIOUS  HISTORY  OF 
SPAIN;  ÖENSORSHIP  OF  THE  PRESS;  MYSTICS  AND  ILLUMINATI ; 
THE  ENDEMONIADAS ; EL  SANTO  NINO  DE  LA  GUARDIA;  BRI- 
ANDA  DE  BARDAXI.  In  one  12mo.  volume  of  522  pages.  Cloth.  $2.50. 

A HISTORY  OF  AURICULAR  GONFESSION  AND  INDULGENCES 

IN  THE  LATIN  CHURCH.  In  three  octavo  volumes  of  about  500  pages  each. 
Per  volume,  cloth,  $3. 

THE  MO  RISC  OS  OF  SPAIN:  THE  IR  CONVERSION  AND  EXPULS  ION. 

In  one  royal  12mo.  volume  of  about  425  pages.  Extra  cloth,  $2.25,  net. 

STUDIES  IN  CHURCH  HISTORY.  New  edition.  12mo.,  605  pages. 

Cloth,  $2.50. 

SUPERSTITION  AND  FORCE;  ESSAYS  ON  THE  WÄGER  OF  LAW, 

THE  WÄGER  OF  BATTLE,  THE  ORDEAL  AND  TORTURE.  Fourth 
edition,  thoroughly  revised.  In  one  royal  12mo.  volume  of  629  pages.  Cloth,  $2.75. 

LEA’S  SERIES  OF  MEDICAL  EPITOMES.  Edited  by  V.  C.  Pedersen,  M.D. 
Covering  the  entire  lield  of  medicine  and  surgery  in  twenty  two  convenient  volumes  of 
about  250  pages  each,  amply  illustrated  and  written  by  prominent  teachers  and  specialists. 
Compendious,  authoritative  and  modern.  Following  each  chapter  is  a series  of  questions 
which  will  be  found  convenient  in  quizzing.  The  Series  is  constituted  as  follows  : 

Hale’s  Anatomy.  GuentheFs  Physiology.  McGlannan’s  Inorganic  Chemistry  and 
Physics.  McGlannan’s  Organic  and  Physiological  Chemistry.  Kiepe’s  Materia  Medica 
and  Therapeutics.  Dayton’s  Practice  of  Medicine.  Ilollis’s  Medical  Diagnosis.  ArneilFs 
Clinical  Diagnosis  and  Urinalysis.  Nagel’ s Nervous  and  Mental  Diseases.  Wathen’s 
Histology.  Stenhouse’s  Pathology.  Archinard’s  Bacteriology  and  Microscopy.  Magee 
and  Johnson’s  Surgery.  Alling  and  Griffen  on  the  Eye  and  Ear.  Ferguson  on  the  Nose 
and  Throat.  Schmidt’ s Genito-Urinary  and  Venereal  Diseases.  Schalek’s  Dermatology. 
Pedersen  and  Parker’s  Gynaecology.  Manton’s  Obstetrics.  Tuley’s  Pediatrics.  Dwight’s 
Jurisprudence.  Dwight’s  Toxicoiogy.  For  separate  notices  see  under  various  authors’ 
names. 

LEA’S  SERIES  OF  POCKET  TEXT-BOOKS.  See  page  12. 

LE  FEVRE  (EGBERT).  A TEXT-BOOK  OF  PHYSICAL  DIAGNOSIS.  12mo., 
450  pages,  74  engravings,  12  plates.  Cloth,  $2.25,  net. 

LONG  (ELI  H.).  DENTAL  MATERIA  MEDICA  AND  THERAPEUTICS. 
12mo.,  321  pages,  6 engravings,  18  plates.  Cloth,  $3.00,  net. 

LOOMIS  (ALFRED  L.)  AND  THOMPSON  (W.  GILMAN),  Editors.  A SYS- 
TEM OF  PRA  ÖTICAL  MEDICINE.  In  Contributions  by  V arious  American  Authors. 
In  four  very  handsome  octavo  volumes  of  about  900  pages  each,  fully  illustrated  in  black 
and  colors.  Per  volume,  cloth,  $5 ; leather,  $6 ; half  Morocco,  $7 . For  sale  by  sub- 
scription  only.  Full  prospectus  free  on  application. 

LYMAN  (HENRY  M.).  THE  PRACTICE  OF  MEDICINE.  In  one  very  hand- 
some octavo  volume  of  925  pages  with  170  engravings.  Cloth,  $4.75;  leather,  $5.75. 

MAGEE  (M.  D.)  AND  JOHNSON  (WALLACE).  AN  EPITOME  OF  SUR- 
GERY. 12mo.,  about  300  pages,  with  130  engravings.  Cloth,  $1.00,  net.  Leo! s Series 
of  Medical  Epitomes.  See  page  10. 

MAISCH  (JOHN  M.).  A 3IANUAL  OF  ORGANIC  MATERIA  MEDICA. 
Seventh  edition,  thoroughly  revised  by  H.  C.  C.  Maisch,  Ph.G.,  Ph.D.  In  one  12mo. 
of  512  pages,  with  285  engravings.  Cloth,  $2.50,  net. 

MALSBARY  (GEO.  E.).  A POCKET  TEXT-BOOK  OF  THEORY  AND 
PRACTICE  OF  MEDICINE.  12mo.  405  pages,  with  45  illustrations-  Cloth,  $1.75, 
net ; flexible  red  leather,  $2.25,  net.  Lea^s  Series  of  Pocket  Text-Books.  Page  12. 
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M ANTON  (W.  P.).  AN  EPITOME  OE  OBSTETRICS.  12rao.,  265  pages,  82 
illustrations.  Cloth,  $1.00,  net.  Lea’s  Series  of  Medical  Epilomes.  See  page  10. 

MANUALS.  See  Medical  Epitomes,  page  10  ; Pocket  Text-Books,  page  12. 

MARSH  (HOWARD).  DISEASES  OF  THE  JOINTS.  In  one  12ino.  volume  of 
468  pages,  with  64  engravings  and  a coJored  plate.  Cloth,  $2.  See  Series  of  CUnical 
Manuals,  page  13. 

MARTIN  (EDWARD.)  SURGIÖAL  DIAONOSIS.  One  12mo.  volume  of  400 
pages,  richly  illustrated.  Preparing. 

MARTIN  (WALTON)  AND  ROCKWELL  (W.  H.,  JR.).  A POCKET  TEXT- 
BOOK  OF  CHEMISTRY  AND  PHYSICS.  12mo.  366  pages,  with  137  illus- 
trations. Cloth,  $1.50,  net;  Üexible  leather,  $2.00,  net.  Lea' s Series  of  Pocket  Text- 
Books.  Page  12. 

McGLANNAN  (A.).  AN  EPITOME  OF  INORGANIC  CHEMISTRY  AND 
PHYSICS.  12mo,  216  pages,  with  20  engravings.  Cloth,  $1.00,  net.  Lea' s Series  of 
Medical  Epitomes.  See  page  10. 

AN  EPITOME  OF  ORGANIC  AND  PHYSIOLOGICAL  CHEMISTRY. 

12mo.,  246  pages,  with  9 engravings.  Cloth,  $1.00,  net.  Lea'  s Series  of  Medical  Epitomes. 
See  page  10. 

MEDICAL  EPITOME  SERIES.  See  Lea's  Series  of  Medical  Epitomes.  page  10. 

MEDICAL  NEWS  POCKET  FORMULARY.  See  page  1.  $1.50,  net. 

MITCHELL  (JOHN  K.).  REMOTE  CONSEQUENCES  OF  INJ U RIES  OF 
NERVES  AND  THEIR  TREATMENT.  12mo.,  239  pages,  12  illustrations.  Cloth, 
$1.75. 

MITCHELL  (S.  WEIR).  CLINICAL  LESSONS  ON  NERVOUS  DISEASES. 
12mo.,  299  pages,  with  17  engravings  and  2 colored  plates.  Cloth,  $2.50. 

MORROW  (PRINCE  A.).  SOCIAL  DISEASES  AND  MARRIAGE.  SOCIAL 
PROPHYLAXIS.  Octavo,  390  pages.  Cloth,  $3.00,  net.  Just  ready. 

MUSSER  (JOHN  H.).  A TREATISE  ON  MEDICAL  DIAONOSIS,  for  Students 
and  Physicians.  New  (fifth)  edition,  thoroughly  revised  and  rewritten.  Octavo,  1205 
pages,  with  395  engravings,  and  63  full-page  colored  plates.  Cloth,  $6.50,  net;  leather, 
$7.50,  net;  half  morocco,  $8.00,  net. 

NAGEL  (J.  D.)  AN  EPITOME  OF  NERVOUS  AND  MENTAL  DISEASES. 
12mo.,  about  250  pages,  illustrated.  Shortly.  Lea's  Series  of  Medical  Epitomes.  See 
page  10. 

NATIONAL  DISPENSATORY.  See  Stille,  Maisch  & Caspari,  page  14. 

NATIONAL  FORMULARY.  See  National  Dispensatory,  page  14. 

NATIONAL  MEDICAL  DICTIONARY.  See  Billings,  page  3. 

NETTLESHIP  (E.).  DISEASES  OF  THE  EYE.  Sixth  American  from  sixth 
English  edition.  Thoroughly  revised.  12mo.,  562  pages,  with  192  engravings,  5 colored 
plates,  Test-types,  Formulae  and  Color-blindness  Test.  Cloth,  $2.25,  net. 

NICHOLS  (JOHN  B.)  AND  VALE  (F.  P.).  A POCKET  TEXT-BOOK  OF 
HISTOLOGY  AND  PATHOLOGY.  12mo.  of  459  pages,  with  213  illustrations. 
Cloth,  $1.75,  net;  flexible  leather,  $2.25,  net.  Lea's  Series  of  Pocket  Text-Books.  Page  12. 

NORRIS  (WM.  F.)  AND  OLIVER  (CHAS.  A.).  TEXT-BOOK  OF  OPHTHAL- 
MOLOOY.  ln  one  octavo  volume  of  641  pages,  with  357  engravings  and  5 colored 
plates.  Cloth,  $5 ; leather,  $6. 

OWEN  (EDMUND).  SURGICAL  DISEASES  OF  CHILDREN.  In  one  12mo. 
volume  of  525  pages,  with  85  engravings  and  4 colored  plates.  Cloth,  $2.  See  Series  of 
Clinical  Manuals,  page  13. 

PARK  (WILLIAM  H.).  BACTERIOLOGY  IN  MEDICINE  AND  SUROERY. 
12mo.,  688  pages,  87  engravings  in  black  and  colors,  2 colored  plates.  Cloth,  $3.00,  net. 
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PARK  (ROSWELL),  EditOT.  Ä TBEATISE  ONSÜBOEEY,  by  American  Authors. 
For  Studeiits  and  Practitioners  of  Surgery  and  Medicine.  Third  edition.  ln  one 
large  octavo  volume  of  1408  pages,  with  692  engravings  and  64  plates.  Cloth,  $7.00; 
leather,  $8.00,  net.  Published  also  in  2 volumes:  Vol.  I.,  General  Surgery  ; Vol.  II., 

Special  or  Regional  Surgery.  Per  volume,  cloth,  $3.75,  net;  leather,  $4.75,  net. 

PEDERSEN  AND  PARKER’S  EPITOME  OF  GYNECOLOOY.  Lea’s  Serks  of 
Medical  Epitomes.  See  page  10. 

PEPPER  (A.  J.).  SUBGICAL  PATHOLOGY.  In  one  12mo  volume  of  511  pages, 
with  81  engravings.  Cloth,  $2.  See  Student^  Series  of  Manuals,  page  15. 

PICK  (T.  PICKERING).  FBACTÜBES  AND  DISLOCATIONS.  In  one  12mo. 
volume  of  530  pages,  with  93  engravings.  Cloth,  $2.  See  Series  of  Clinical  Manuals,  p.  13. 

PLAYFAIR  (W.  S.).  THE  SCIENCE  AND  PBACTICE  OF  MIDWIFEBY. 
Seventh  American  from  the  Ninth  English  edition.  Octavo,  700  pages,  with  207  engrav- 
ings and  7 full  page  plates.  Cloth,  $3.75/  leather,  $4.75,  net. 

POCKET  FORMULARY.  Fifth  edition.  See  page  1. 

POCKET  TEXT-EOOK  SERIES  covers  the  entire  domain  of  medicine  in  eighteen 
volumes  of  350  to  525  pages  each,  written  by  teachers  in  leading  American  medical  Col- 
leges. Issued  under  the  editorial  supervision  of  Bern  B.  Gallaudet,  M.D.  , of  the  College 
of  Physicians  and  Surgeons,  New  York.  Thoroughly  modern  and  authoritative,  concise 
and  clear,  amply  illustrated  with  engravings  and  plates,  handsomely  printed  and 
bound.  The  series  is  constituted  as  follows  : Rockwell’ s Anatomy;  Collins  & Rock- 
well’s  Physiology  ; Martin  & Rockwell’s  Chemistry  and  Physics ; Nichols  & Vale’s 
Histology  and  Pathology ; Schleif ’s  Materia  Medica  and  Therapeutics  ; Malsbary’s  Prac- 
tice ; Collins  & Davis’  Diagnosis ; Potts  on  Nervous  and  Mental  Diseases;  Gallaudet’s 
Surgery  ; Ilayden  on  Venereal  Diseases;  Grindon  on  the  Skin  ; Ballenger  & Wippern  on 
Eye,  Ear,  Nose  and  Throat  ; Evans’  Obstetrics  ; Crockett’s  Gynecology  ; Tuttle  on  Dis- 
eases of  Children  ; Zapffe’s  Bacteriology ; Wieks  on  Nursing;  Hamilton  on  Massage.  For 
separate  notices  see  under  various  authors’  names.  Special  circular  free  on  application. 

POLITZER  (ADAM).  A TEXT-BOOK  OF  THE  DISEASES  OF  THE  EAB 
AND  ADJACENT  OBGANS.  Third  American  from  the  Fourth  German  edition. 
In  one  octavo  volume  of  896  pages,  with  346  engravings.  Cloth^  $7.50,  net. 

POSEY  (W.  C.)  AND  WRIGHT  (JONATHAN).  A TBEATISE  ON  THE 
EYE,  NOSE,  THBOAT  AND  EAB.  Octavo,  1251  pages,  richly  illustrated  with 
650  engravings  and  35  plates  in  black  and  colors.  Cloth,  $7.00;  leather,  $8.00,  net. 
Published  also  in  two  volumes.  Vol.  1.,  Posey  on  the  Eye.  Cloth,  $4.00,  net.  Vol. 
II.,  Wright  on  the  Nose,  Throat  and  Ear.  Cloth,  $3.50,  net. 

POTTS  (CHAS.  S.).  A POCKET  TEXT-BOOK  OF  NEBVOUS  AND 
MENTAL  DISEASES.  12mo.  of  455  pages,  with  88  illustrations.  Cloth,  $1.75,  net; 
flexible  leather,  $2.25,  net.  Lea’  s Series  of  Pocket  Text-Books,  page  12. 

A TEXT-BOOK  ON  MEDICINE  AND  SUBGICAL  ELECTBICITY. 

Octavo,  about  350  pages,  amply  illustrated.  Shortly. 

PROGRESSIVE  MEDICINE.  See  page  1.  Per  annum,  $9.00,  in  cloth  ; $6.00  in  paper. 

PURDY  (CHARLES  W.).  BBIGHT’S  DISEASE  AND  ALLIED  AFFEC- 
TIONS  OF  THE  KID  NEY.  In  one  octavo  volume  of  288  pages,  with  18  engrav- 
ings. Cloth,  $2. 

PYE-SMITH  (PHILIP  H.).  DISEASES  OF  THE  SKIN.  In  one  12mo.  volume 
of  407  pages,  with  28  illustrations,  18  of  which  are  colored.  Cloth,  $2. 

RALFE  (CHARLES  H.).  CLINICAL  CHEMISTBY.  In  one  12mo.  volume  of 
314  pages,  with  16  engravings.  Cloth,  $1.50.  See  Students’  Series  of  Alanuals,  page  14. 

REMSEN  (IRA).  THE  PBINCIPLES  OF  THEOBETICAL  CHEMISTBY. 

Fifth  edition  thoroughly  revised.  In  one  12mo.  volume  of  326  pages.  Cloth,  $2. 

REYNOLDS  (EDWARD)  AND  NEWELL  (F.  S.).  MANUAL  OF  PBACTICAL 
OBSTETBICS.  Octavo,  531  pages,  253  engravings  and  3 plates.  Cloth,  $3.75,  net. 
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NAL  SURGERY.  Octavo,  about  800  pages,  profusely  illustrated  with  engravings 

and  colored  plates.  Preparing. 

RICHARDSON  (BENJAMIN  WARD).  PREVENTIVE  MEDIGINE.  In  one 
octavo  volume  of  729  pages.  Cloth,  $4. 

ROBERTS  (JOHN  B.).  THE  PRINGIPLES  AND  PRAGTIGE  OF  MODERN 
SURGERY.  Second  edition.  In  one  octavo  volume  of  838  pages,  with  474  engravings 
and  8 plates.  Cloth,  $4.25,  net;  leather,  $5.25,  7iet. 

ROBERTS  (SIR  WILLIAM).  A PRAGTIGAL  TREATISE  ON  URINARY  AND 
RENAL  DISEASES,  INGLUDING  URINARY  DEPOSITS.  Fourth  American 
from  the  fourth  London  edition.  Octavo,  609  pages,  81  illustrations.  Cloth,  $3.50. 

ROCKWELL  (W.  H.,  Jr.).  A POGKET  TEXT-BOOK  OF  ANATOMY.  12mo., 
600  pages,  illustrated.  Cloth,  $2.25;  flexible  leatber,  $2.75,  net.  Lea’ s Series  of  Pocket 
Text-Booics.  Page  12. 

ROGER  (G.  H.).  INFEGTIOUS  DISEASES.  Translated  by  M.  S.  Gabriel,  M.D. 
Octavo,  864  pages,  41  illustrations.  Cloth,  $5.75,  net.  Jufft  ready. 

ROSS  (JAMES).  THE  DISEASES  OF  THE  NERVO  US  SYSTEM.  Octavo, 
726  pages,  with  184  engravings.  Cloth,  $4.50;  leather,  $5.50. 

SCHÄFER  ( EDWARD  A. ) . THE  ESSENTIA  LS  OF  HIST  OL  OGY,  DESGRIP- 
TIVE  AND  PRAGTIGAL.  Sixth  edition.  Octavo,  426  pages,  with  463  illustra- 
tions. Cloth,  $3,  net. 

A GO  URSE  OF  PRAGTIGAL  HISTOLOGY.  Second  edition.  In  one 

12mo.  volume  of  307  pages,  with  59  engravings.  Cloth,  $2.25. 

SCHALEK  (ALFRED).  AN  EPITOME  OF  DERMATOLOGY.  12mo.,  225 
pages,  34  illustrations.  Cloth,  $1.00,  net.  Lea’ s Series  of  Medical  Epitomes.  See  page  10. 

SCHLEIF  (WM.).  A POGKET  TEXT-BOOK  OE  MATERIA  MEDIGA, 
THERAPEUTIGS,  PRESGRIPTION  WRITING,  MEDIGAL  LATIN  AND 
MEDIGAL  PHARMAGY.  Second  edition.  12mo.,  380  pages.  Cloth,  $1.75; 
flexible  leather,  $2.25,  net.  Lea’ s Series  of  Pocket  Text-Books.  Page  12. 

SCHMAUS  (HANS.)  AND  EWING  (JAMES).  PATHOLOGY  AND  PATH- 
OLOGIGAL  ANATOMY.  Sixth  edition.  Octavo,  602  pages,  with  351  illustrations, 
including  34  colored  inset  plates.  Cloth,  $4.00,  net. 

SCHMIDT  (LOUIS  E.).  AN  EPITOME  OF  GENITO-URINARY  AND  VENE- 
REAL DISEASES.  12mo,  249  pages,  21  illustrations.  Cloth,  $1.00,  net.  Lea’ s 
Series  of  Medical  Epitomes.  See  page  10. 

SCOTT  (R.  J.  E.).  See  State  Board  License  Examination  Series.  Page  14. 

SENN  (NICHOLAS).  SURGIGAL  BAGTERIOLOGY.  Second  edition.  In  one 
octavo  volume  of  268  pages,  with  13  plates,  10  of  which  are  colored,  and  9 engravings. 
Cloth,  $2. 

SERIES  OF  CLINICAL  MANUALS.  A Series  of  Authoritative  Monographs  on 
Important  Clinical  Subjects,  in  12mo.  volumes  of  about  550  pages,  well  illustrated.  The 
following  volumes  are  now  ready : Carter  and  Frost’s  Ophthalmie  Surgery,  $2. 25 ; 
Marsh  on  Diseases  of  the  Joints,  $2;  Owen  on  Surgical  Diseases  of  CMldren,  $2; 
Pick  on  Fractures  and  Dislocations,  $2.  For  separate  notices,  see  under  various 
authors’  names. 

SERIES  OF  MEDICAL  EPITOMES.  See  page  10. 

SERIES  OF  POCKET  TEXT-BOOKS.  See  page  12. 

SERIES  OF  STATE  BOARD  LICENSE  EXAMINATIONS.  See  page  14. 
SERIES  OF  STUDENTS’  MANUALS.  See  page  15. 

SIMON  (CHARLES  E.).  GLINIGAL  DIAGNOSIS,  BY  MIGROSGOPIOAL 
AND  OHE  MIO  AL  METHODS.  Fifth  edition,  thoronghly  revised.  Octavo,  695 
pages,  with  150  engravings  and  22  full-page  plates  in  colors.  Cloth,  $4.00,  net.  Just  ready. 

PHYSIOLOGIOAL  OHEMISTRY.  In  one  octavo  volume  of  453  pao-es. 

Cloth,  $3.25,  net.  ® 
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pF  CHEMISTRY.  A Guide  to  Lectures  and  Laboratory 
Work.  A lext-book  specially  adapted  for  Students  of  Medicine  and  Pharmacy.  Seventh 
edition.  In  one  8vo.  volume  of  613  pages,  with  64  engravings  and  8 plates  showing 
colors  of  64  teste  and  a spectra  plate.  Cloth,  $3.00,  net. 


SLADE  (D.  D.).  DIPHTHEBIA;  ITS  NATURE  AND  TREATMENT.  Second 

edition.  ln  one  royal  12mo.  volume,  158  pages.  Cloth,  $1.25. 


SMITH  (J.  LEWIS).  THE  DISEASES  OF  INFANCY  AND  CHILDHOOD. 
Eighth  edition,  thoroughly  revised  and  rewritten  and  greatly  enlarged.  8vo.,  983  pages 
with  273  illustrations  and  4 full-page  plates.  Cloth,  $4.50  ; leather,  $5.50.  ’ 

SMITH  (STEPHEN).  OPERATIVE  SURGERY.  Second  and  thoroughly  revised 
edition.  In  one  octavo  vol.  of  892  pages,  with  1005  engravings.  Cloth,  $4;  leather,  $5. 

SOLLY  (S.  EDWIN).  A HANDBOOK  OF  MEDICAL  CLIMATOLOOY. 

Octavo,  462  pages,  with  engravings  and  11  full-page  plates.  Cloth,  $4.00. 

STARR  (M.  ALLEN).  A TREATISE  ON  ORGANIC  NERVOUS  DISEASES. 
Octavo,  740  pages,  with  275  engravings  and  26  plates.  Cloth,  $6.00,  net;  leather,  $7.00, 
net;  half  morocco,  $7.50,  net.  Just  ready. 

STATE  BOARD  LICENSE  EXAMINATION  SERIES.  Classified  and  Edited  by 
R.  J.  E.  Scott,  A.M.,  M.D.  A series  of  handy,  well  arranged,  12mo.  volumes  of  about 
200  pages  each,  bound  in  flexible  cloth  and  printed  on  paper  suitable  for  either  pen  or 
pencil,  every  other  page  being  left  blank  for  memoranda.  The  respective  volumes  cover 
the  subjects  of  (1)  Anatomy;  (2)  Chemistry;  (3)  Obstetrics;  (4)  Surgery;  (5)  Practice, 
Materia  Medica  and  Therapeutics ; (6)  Pathology  and  Diagnosis ; (7)  Physiology  and 
Hygiene.  Per  volume,  $1.50,  net. 

STENHOUSE’S  EPITOME  OF  PATHOLOGY.  Lea’s  Series  of  Medical  Epitomes. 

See  page  10. 

STILLE  (ALFRED).  CHOLERA;  ITS  ORIGIN,  HISTORY,  CAUSATION 
SYMPTOMS,  LESIONS,  PREVENTION  AND  TREATMENT.  In  one  12mo. 
volume  of  163  pages,  with  a chart  showing  routes  of  previous  epidemics.  Cloth,  $1.25. 


THERAPEUTICS  AND  MATERIA  MEDICA.  Fourth  and  revised  edition. 

In  two  octavo  volumes,  containing  1936  pages.  Cloth,  $10. 

STILLE  (ALFRED),  MAISCH  (JOHN  M.)  AND  CASPARI  (CHAS.  JR.). 

THE  NATIONAL  DISPENSATORY : Containing  the  Natural  History,  Chemistry, 
Pharmacy,  Actions  and  Uses  of  IVIedicines,  including  those  recognized  in  the  latest  Phar- 
macopoeias  of  the  United  States,  Great  Britian  and  Germany,  with  numerous  references 
to  the  French  Codex.  Fifth  edition,  revised  and  enlarged  in  accordance  with  and  embrac- 
ing  the  new  U.  S.  Pharmacopoda,  Seventh  Decennial  Revision.  With  Supplement  contain- 
ing the  new  edition  of  the  National  Formulary.  Imperial  octavo,  2025  pages,  with  320  en- 
gravings. Cloth,  $7.25;  leather,  $8.  With  Thumb  Index.  Cloth,  $7.75;  leather,  $8.50. 

STIMSON  (LEWIS  A.).  A MANUAL  OF  OPERATIVE  SURGERY.  Fourth 
edition.  In  one  royal  12mo.  volume  of  581  pages,  with  293  engravings.  Cloth,  $3.00,  net. 


A TREATISE  ON  FRACTURES  AND  DISLOCATIONS.  Third  edition. 

In  one  handsome  octavo  volume  of  842  pages,  with  336  engravings  and  32  full-page 
plates.  Cloth,  %bnet;  leather,  $6,  net;  half  morocco,  $6.50,  net. 

STUDENTS’  QUIZ  SERIES.  A Series  of  Manuals  in  question  and  answer  form,  for 
Students  and  Practitioners,  covering  the  essentials  of  medical  Science.  Thirteen  volumes, 
pocket  size,  convenient,  authoritative,  well  illustrated,  handsomely  bound  in  cloth, 
and  issued  at  a low  price.  1.  Anatomy  (double  number) ; 2.  Physiology;  3.  Chemistry 
and  Physics ; 4.  Histology,  Pathology  and  Bacteriology ; 5.  Materia  Medica  and  Thera- 
peutics ; 6.  Practice  of  Medicine ; 7.  Surgery  (double  number) ; 8.  Genito-Urinary  and 
Venereal  Diseases;  9.  Diseases  of  the  Skin ; 10.  Diseases  of  the  Eye,  Ear,  Throat  and 
Nose;  11.  Obstetrics;  12.  Gynecology;  13.  Diseases  of  Children.  Price,  $1  each,  except 
Nos.  1 and  7,  Anatomy  and  Surgery,  which  being  double  numbers  are  priced  at  $1.75  each. 
Full  specimen  circular  on  application  to  publishers. 
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STUDENTS’  SERIES  OF  MANUALS.  A Series  of  Manuals  by  Eminent  Teachers 
or  Examiners.  The  voliimes  are  pocket-size  12mos.  of  from  300-540  pages,  profusely 
illustrated,  and  bound  in  red  limp  cloth.  The  following  volumes  may  now  be  an- 
nounced:  Herman’s  First  Lines  in  Midwifery,  $1.25 ; Bruce’s  Materia  Medica  and 
Therapeutics  (sixth  edition),  $1.50,  weL'  Klein’s  Elements  of  Histology  (5th  edition), 
$2.00,  net;  Pepper’s  Surgical  Pathology,  $2;  Treves’  Surgical  Applied  Anatomy, 
$2.00,  net;  Raefe’s  Clinical  Chemistry,  $1.50. 

For  separate  notices,  see  linder  various  authors’  names. 

STUKGES  (OCTAVIUS).  AN  INTRODÜCTION  TO  THE  STUDY  OF  CLIN- 
IC  AL  MED  IC  INE.  ln  one  12mo.  volume.  Cloth,  $1.25. 

SUTER  (W.  NORWOOD).  A MANUAL  OF  BEFRACTION  AND  MOTILITY. 
12mo.,  382  pages,  101  engravings,  4 colored  plates.  Cloth,  $2.00,  net. 

SUTTON  (JOHN  BLAND).  SURGICAL  DISEASES  OF  THE  OVARIES 
AND  FALLOPIAN  TUBES.  Including  Abdominal  Pregnancy.  In  one  12mo.  vol- 
ume  of  513  pages,  with  119  engravings  and  5 colored  plates.  Cloth,  $3. 

SZYMONOWICZ  (L.)  AND  MacCALLUM  (J.  BRUCE).  A TEXT-BOOK  OF 
HISTOLOGY  OF  THE  HUMAN  BODY:  including  Microscopical  Technique. 
Octavo,  437  pages,  with  277  original  engravings  and  57  inset  plates  in  black  and  colors, 
containing  81  figures.  Cloth,  $4.75,  net. 

TAIT  (LAWSON I.  DISEASES  OF  WOMEN  AND  AB  D OM  IN  AL  SUR  GER  Y. 

Octavo,  554  pages,  62  engravings,  and  3 plates.  Cloth,  $3. 

TAYLOR  (ALFRED  S.).  MEDICAL  JURISPRUDENCE.  From  the  twelfth 
English  edition,  revised  by  Clark  Bell,  Esq.,  of  the  N.  Y.  Bar.  Octavo,  831  pages, 
with  54  engravings  and  8 full-page  plates.  Cloth,  $4.50 ; leather,  $5.50. 

TAYLOR  (ROBERT  W.).  GENITO-URINARY  AND  VENEREAL  DIS- 
EASES AND  SYPHILIS.  New  (third)  edition,  thoroughly  revised.  Octavo,  about 
750  pages,  with  153  engravings  and  39  full-page  colored  plates.  Cloth,  $5.00,  net ; leather, 
$6.00,  net;  half  morocco,  $6.50,  net.  Just  ready. 

A PRACTICAL  TREATISE  ON  SEXUAL  DISORDERS  IR  THE  MALE 

AND  FEMALE.  Second  edition.  Octavo,  434  pages,  with  91  engravings  and  13 
plates.  Cloth,  $3.00,  net. 

A CLINICAL  ATLAS  OF  VENEREAL  AND  SEIN  DISEASES. 

Including  Diagnosis,  Prognosis  and  Treatment.  In  eight  large  folio  parts,  measuring 
14  X 18  inches,  and  comprising  213  beautiful  figures  on  58  full-page  chromo-lithographic 
plates,  85  fine  engravings,  and  425  pages  of  text.  Bound  in  one  volume,  half  Turkey 
Morocco,  $28. 

TAYLOR  (SEYMOUR).  INDEX  OF  MED  IC  INE.  A Manual  for  the  use  of  Senior 
Students  and  others.  In  one  large  12mo.  volume  of  802  pages.  Cloth,  $3-75. 

THOMAS  (T.  GAILLARD)  AND  MUNDE  (PAUL  F.).  A PRACTICAL 
TREATISE  ON  THE  DISEASES  OF  WOMEN.  Sixth  edition,  thoroughly 
revised.  Octavo  824,  pages,  with  347  engravings.  Cloth,  $5 ; leather,  $6. 

THOMPSON  (W.  GILMAN).  A TEXT-BOOK  OF  PRACTICAL  MEDICINE. 
For  Students  and  Practitioners.  Second  edition.  Octavo,  1014  pages,  with  59  illustra- 
tions.  Cloth,  $5.00,  leather,  $6.00,  half  morocco,  $6.50,  net. 

THOMPSON  (SIR  HENRY).  THE  PATHOLOGY  AND  TREATMENT  OF 
STRICTURE  OF  THE  URETHRA  AND  URINARY  FISTULjE.  From  the 
third  English  edition.  Octavo,  359  pages,  with  47  engravings  and  3 plates.  Cloth,  $3.50. 

THORNTON’S  FORMUL ARY.  The  Medical  News  Pochet  Formulary.  See  page  1. 

TIRARD  (NESTOR).  MEDICAL  TREAT3IENT  OF  DISEASES  AND  SY3IP- 
TOMS.  Handsome  octavo  volume  of  627  pages.  Cloth,  $4.00,  net. 

TREVES  (SIRFREDERICK).  OPERATIVE  SURGERY.  New  (second)  edition, 
revised  by  the  author  and  Jonathan  Hutchinson,  ,Jr.,  F.R.C.S.  In  two  8vo  volumes 
containing  1574  pages,  with  474  illustrations.  De  hixe  edition,  half  morocco,  $6.50,  net 
per  volume.  Just  ready.  ’ ’ 
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TREVES  (FREDERICK).  Ä SYSTEM  OF  SURGERY.  In  Contributions  by 
Twenty-five  English  8urgeons.  In  two  large  octavo  volumes,  containing  2298  pages, 
with  950  engravings  and  4 full-page  plates.  Per  set,  cloth,  |I6.  ’ 

SURGICÄL  APPLIED  ANATOMY.  New  edition.  12mo.,  577  pages,  80 

engravings.  Cloth,  $2.00,  net.  See  Student^  Series  of  Manuals,  page  15. 

TULEY  (HENRY  E.).  AN  EPITOME  OF  PEDIATRICS.  12mo,  266  pages,  with 
33  engravings.  Cloth,  $1.00,  net.  Lea!  s Series  of  Medieal  Epitomes.  See  page  10. 

TUTTLE  (GEO.  M.).  A POCKET  TEXT-BOOK  OF  DISEASES  OF 
CHILDREN.  12mo.  374  pages,  with  5 plates.  Cloth,  $1.50,  net;  flexible  leather, 
$2.00,  net.  Lea’  s Series  of  Pocket  Text-Books.  Page  12. 

VAUGHAN  (VICTOR  C.)  AND  NOVY  (FREDERICK  G.).  CELLULAR 
TOXINS,  or  the  Chemical  Factors  in  the  Causation  of  Disease.  New  (4th)  edition. 
12mo.,  480  pages  with  6 engravings.  Cloth,  $3,  net. 

VEASEY  (CLARENCE  A.).  A MANUAL  OF  OPHTHALMOLOGY.  12mo., 
410  pages,  194  engravings,  10  colored  plates.  Cloth,  $2.00,  net. 

VISITING  LIST.  THE  MEDICAL  NEWS  VISITING  LIST  for  1904.  Four 
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Perpetual  (undated  for  30  patients  each  week) ; and  Perpetual  (undated  for  60  patients 
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tions  in  the  text  and  about  100  full-page  colored  plates.  Per  volume,  cloth,  $6.00  ; 
library  binding,  $7.00;  half  morocco,  $8. 50,  net.  For  sale  by  subscription  only.  Full 
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WATHEN  (JOHN  R.).  AN  EPITOME  OF  HISTOLOGY.  12mo,  229  pages, 
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WHARTON  (HENRY  R.).  MINOR  SURGERY  AND  BA.NDAGING.  Fifth 
edition.  12mo.,  640  pages,  with  509  engravings,  many  of  which  are  photographic. 
Cloth,  $3  00,  net. 

WHITLA  (WILLIAM).  DICTIONARY  OF  TREATMENT.  Octavo  of  917 
pages.  Cloth,  $4. 

WHITM AN  (ROYAL).  ORTHOPEDIC  SURGERY.  Second  edition.  One  octavo 
volume  of  843  pages,  with  507  illustrations,  mostly  original.  Cloth,  $5.50,  net.  Just 
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WICKS  MAUD  (A.).  A POCKET  TEXT-BOOK  OF  NURSING.  12mo.,  about 
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WILLIAMS  (DAWSON).  MEDICAL  DISEASES  OF  INFANCY  AND 
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A.M.,  M.D.  Octavo,  53 S pages,  52  engravings  and  2 colored  plates.  Cloth,  $3.50,  net. 
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octavo,  616  pages,  with  397  engravings.  Cloth,  $4 ; leather,  $5. 
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PRESENTED.  Octavo,  511  pages,  with  125  original  illustrations  in  black  and 
colors.  Cloth,  $5.00;  leather,  $6.00,  net. 

ZAPFFE  (FRED.  C.)  A POCKET  TEXT-BOOK  OF  BACTERIOLOGY.  12mo., 
350  pages  with  146  engravings  and  7 colored  plates.  Cloth,  $1.50;  flexible  leather, 
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